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ABSTRACT OF THESIS 
 
 
TEMPORAL AND SPATIAL CHARACTERIZATION OF MACONDO 252 
SIGNATURES IN GULF OF MEXICO SHELF AND SLOPE SEDIMENTS 
  
 The long-term fate of hydrocarbons in the Gulf of Mexico (GOMx) following the 
2010 Deepwater Horizon oil spill has yet to be fully characterized.  Elemental (% C and 
% N), stable isotopes (δ13Corganic), and polycyclic aromatic hydrocarbon (PAH) molecular 
signatures were investigated in shelf and slope sediments collected in October 2010 and 
2011 to gain insight into processes affecting the distribution and fate of spilled Macondo 
oil.  Particulate organic carbon (POC) ranged between 1.55 and 2.22 wt. % in 2010 and 
0.55 and 2.06 % in 2011 while the corresponding δ13Corganic ranges were from -23.37 to -
20.77 ‰ (vs. PDB) in 2010, and -22.68 to -20.75 ‰ (vs. PDB) in 2011.  Ranges of total 
polycyclic aromatic hydrocarbon (TPAH) concentrations were from 72.57 to 7,543.53 
ng/g in 2010 and 25.55 to 16,582.77 ng/g in 2011.  The range of measured values 
represented significant deviations from previous background measurements. This 
provided the basis for concluding that the Macondo spill altered the “background” 
organic carbon and hydrocarbon signature, that Macondo oil has weathered and/or 
biodegraded in the year following the spill, and that a significant spatial trend of 
hydrocarbons extended from the Macondo well across the northern GOMx in October 
2010 and 2011. 
KEYWORDS: Deepwater Horizon, Gulf of Mexico, polycyclic aromatic hydrocarbons, 
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Deep water drilling (>1,000 m water depth) is a relatively recent technological 
development, that began in the 1980s, and proliferated throughout the 1990s and 2000s 
(National Commission on the BP Deepwater Horizon Oil Spill and Offshore Drilling, 
2011).  Over 4 million barrels of oil (Reddy et al., 2011) and 771,000 gallons of chemical 
dispersant (Kujawinski et al., 2011) were released from the Macondo well into the 
northern Gulf of Mexico (GOMx) in 2010 (May - August 2010) as a result of the 
Deepwater Horizon event (DWH), causing one of the most devastating environmental 
disasters on record.  The environmental impacts, fate of the oil and its constituent 
compounds, and effectiveness of various mitigation techniques for this deep water oil 
spill are currently poorly known.  Sampling of the water column (1,000-1,400 m) and 
seafloor sediments within 3 km of the Macondo-252 well in May, and October, 2010 
revealed dissolved phase total polycyclic aromatic hydrocarbon (TPAHs) concentrations 
as high as 189 ug L-1 (Diercks et al., 2010), and seafloor sediment TPAH concentrations 
over 1,600 ug kg-1 (OSAT, 2010), respectively. These elevated PAH concentrations with 
respect to pre-spill published TPAH values (e.g. 140 ng/g; Wade et al., 2008) have been 
attributed to the DWH, but it has been acknowledged that PAHs derived from other 
sources may also be present in these sediments (OSAT, 2010).  As PAHs occur in marine 
sediments as a result of both natural and anthropogenic processes (Neff, 1979), the fate of 
PAHs originating from the DWH is difficult to determine, especially as time passes since 




1.1.1 PAHs in the Marine Environment 
PAHs are organic compounds that contain two or more fused benzene rings (Fig. 1) and 
they are formed through three main processes in the environment: (1) incomplete 
combustion of organic material or fossil fuels (pyrogenic PAHs), (2) diagenesis of 
organic matter (biogenic PAHs), or (3) the aromatization of ringed compounds or fusion 
of hydrocarbon fragments during oil generation (petrogenic PAHs; Neff, 1979).  Natural 
PAHs in marine environments are derived from oil seeps and submarine volcanoes (Neff, 
1979; Burgess et al., 2003a), but can also be introduced by atmospheric deposition, and 
fluvial input of soot particles generated by biomass burning and fossil fuel combustion 




Figure 1: Example molecular structures of some lower molecular weight PAHs, including 
a = napthalene, b = 2-methylnapthalene, c = phenanthrene, d = anthracene, e = 
fluoranthene, f = benz[a]anthracene, g = chrysene, h = pyrene, i = benzo[a]pyrene, and j 
= perylene. 
Natural oil seeps and petroleum spills, estimated at 170,000 metric tons/year, represent 
the largest contributors of PAHs to marine environments in the United States, while 
atmospheric deposition accounts for roughly 50,000 metric tons/year (Burgess et al., 
2003a; Eisler, 1987).  Wastewater and fluvial inputs contribute 4,400 and 2,940 metric 
tons/year, respectively, to marine environments in the U.S. (Burgess et al., 2003a; Eisler, 
1987). 
Once in the marine environment, PAHs have the potential to be harmful to biota by two 
main mechanisms: 1) lipophilic cellular binding, which disrupts cellular processes (Neff, 
1979; Burgess et al., 2003b),and 2) covalent bonding of hydrophilicPAH metabolites 
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(i.e., oxidized phenols and diols) to DNA, RNA or proteins, leading to chronic cellular 
damage (Neff, 2002; Leppännen and Kukkonen 2000).  Some PAHs are also structurally 
similar to hormones, specifically due to their steric resemblance, and have been shown to 
have an estrogenic effect.  This can manifest physiologically (e.g., vitellogenesis in male 
fish), may block estrogen receptor sites, and may lead to organ-specific cell division, 
thereby increasing the risk for malignant tumor production (Sumpter and Jobling, 1995; 
Santodonato, 1997; Nicholas, 1999).   
Freely dissolved PAHs are generally more readily bioaccumulated than PAHs occurring 
in the solid phase (Di Toro, 1991; Burgess et al., 2003b).  However, depending on the 
PAH concentration, molecular attributes (e.g., degree of alkylation, molecule planarity, 
etc.), the type of available sorbent phase (e.g., soot carbon or sedimentary organic 
carbon), and the ambient environmental conditions (e.g., salinity, redox potential, pH, 
temperature, etc.), PAHs are subject to desorption from the solid phase, eventually 
rendering them more bioavailable (Burgess et al., 2003b; Thorsen et al., 2004; 
Cornelissen et al., 2004;Eggleton and Thomas, 2004; Schlautman et al., 2004).     
The bioaccumulation of PAHs in marine animals following a large oil spill can be rather 
severe, especially for benthic or demersal species (Neff, 2002).  However, crude oil 
contains fewer high molecular weight PAHs in comparison to middle distillate oils, 
residual fuel oils, or pyrogenic byproducts, which are dominantly responsible for the 
carcinogenic and mutagenic activity in organisms (Epler et al., 1978; Petrilli et al., 1980; 
Harvey, 1991; Neff, 2002; Pérez-Cadahía et al., 2004).  It is apparent that PAHs do not 
biomagnify like many other persistent organic compounds (Neff, 1979; Spacie et al., 
1983; Neff, 1984;Varanasi et al., 1985;Neff, 2002;Nfon et al., 2008), but the more toxic 
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biotransformation products may be transferred through the food chain from prey to 
predator (McElroy and Sisson, 1989; Leppännen and Kukkonen, 2000). 
1.1.2 Deepwater Horizon Oil Spill 
Since the DWH oil spill is the first major deep water oil spill, as it originated at a water 
depth of approximately 1,500 m, the behavior, distribution and fate of petroleum 
hydrocarbons are still to be determined (Atlas and Hazen, 2011).  A 35 km long, west-
southwest trending hydrocarbon plume, initially characterized by Camilli et al. (2010), 
was observed immediately after the oil spill at approximately 1,100 m water depth, and 
consisted primarily of C1-C5 gaseous hydrocarbons and to a lesser extent, light aromatic 
components.  This hydrocarbon composition was consistent with the composition of oil 
leaking from the well at the time of the disaster and was estimated to amount to 1.7x1011g 
of hydrocarbons (Reddy et al., 2011), which is roughly equivalent to 1.0 x 105 barrels of 
oil.  This volume equates to about 20% of the estimated 4.9 million gallons of oil spilled 
which comprises some portion of the federally estimated percentage of oil that was either 
dissolved (and evaporated; 25%), chemically dispersed (8%), or naturally dispersed 
(16%) .(McNutt 2011).  This estimate also agrees withspill trajectory models that 
suggested about 25% of the oil would remain in the water column, below 800 m,3 
months after the oil had stopped leaking (Mariano, et al., 2011).  Physical transport 
processes play an important role in fractionating oil components, considering the buoyant 
nature of gaseous hydrocarbons, and the dissolution of water soluble components 
(Douglas et al.,1996).  In addition, components more dense than seawater, such as some 
long chain n-alkanes and PAHs, certainly have settled to the seafloor and become 
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incorporated into sediment due to sorption processes (Youngblood and Blumer, 1975; 
Neff, 1979; Wolfe et al., 1994; Meador et al., 1995; Boehm et al., 1997; Wang et al., 
1999b; Peterson et al., 2003; Neff et al., 2005;Reddy et al., 2011).   
The fate and transport of more persistent and biologically harmful compounds, including 
PAHs and benzene-containing molecules, following the DWH event are not well-
characterized.  As relatively insoluble compounds, PAHs may be transported at the sea 
surface, at intermediate water depths, or be subjected to sedimentary deposition 
(Youngblood and Blumer, 1975; Neff, 1979; Meador et al., 1995; Wang et al., 1999b; 
Tronczynski et al., 2004; Neff et al., 2005; Reddy et al., 2011).  In the case of a sea 
surface oil spill, the gaseous and water soluble aromatic hydrocarbons may be lost 
quickly (hours to days), through atmospheric volatilization and photo-oxidation, but these 
pathways do not operate in deep water (Reddy et al., 2011; Neff, 1979).  Therefore, the 
fate of PAHs will be potentially controlled through other degradation and transformation 
pathways, such as sorption, dissolution, and microbial interaction.   
Seafloor sediment samples collected at sites surrounding the Macondo well immediately 
following the oil spill (August 2010) indicated the presence of oil in approximately 29% 
of short sediment cores, with only 6% containing oil, matched the molecular composition 
of Macondo oil (Atlas and Hazen, 2011; OSAT, 2010).  Thiscan be partially explained by 
contributions from natural oil seeps, other exploration wells, and various smaller spills in 
the northern GOMx (Fig.2; Atlas and Hazen, 2011; Sassen et al., 1999).However, the 
lack of molecular similarity to the Macondo oil in recently deposited seafloor sediments 
may also be due to alteration caused by weathering and biodegradation processes that 
begin immediately upon introduction of oil to the environment (Neff, 1979; Bayona et al., 
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1986; Wang and Fingas, 1997; Wardlaw et al., 2011).  A more detailed hydrocarbon 
fingerprinting method, such as quantitative molecular and stable isotope analysis, would 
prove useful in determining the extent to which Macondo oil has impacted GOMx 
sediments. 
In a more recent analysis, Liu et al. (2012) attempted to characterize the weathering 
profile of alkanes, BTEX (benzenes, toluenes, ethylbenzenes, and xylenes), and PAHs 
associated with the DWH event by comparing the composition of oil mousse collected on 
the sea surface to seafloor surface sediment samples presumed to be affected by Macondo 
oil through visual inspection (first two cm intervals, acquired by grab samples and one 
short core) a year after the oil spill.  The total parent PAHs (TPPAH) in the oil mousse 
ranged between 0.23 ug/g TSEM (Total Solvent Extractable Materials) from a site 
located 130 km west of the Macondo well, to 0.03 ug/g TSEM from a site located 80 km 
north of the Macondo well.  The most abundant parent PAHs in the mousse were three to 
four ring PAHs, dominantly chrysene (38-56% TPPAH) and phenanthrene (16-39% 
TPPAH).  Consistent with the composition of the Macondo crude oil, the concentration 
of the total alkylated PAHs (TAPAH) in the mousse was much higher than the TPPAH, 
ranging between 2.6-9.4 mg/g TSEM.  Interestingly, the TAPAH at the most 
contaminated site was similar to the concentration of TAPAH in pure Macondo oil, at 7.2 
mg/g, highlighting the relatively high environmental stability of these compounds (i.e., 
alkylated PAHs).  Again, the distribution of alkylated PAHs favored three to four ring 
compounds due to the high volatility associated with lower molecular weight PAHs.  In 
the sediments, TPPAH concentrations were between 0.3 and 1 ug/g, while TAPAH were 
between 0.03 and 1.7 ug/g.  These distributions were enriched in the alkylated 
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homologues relative to the corresponding parent PAHs, and contained dominantly three 
to four ring PAHs.  The phenanthrene and alkylated phenanthrenes extracted from the 
sediments resembled the composition of the pure Macondo oil the most, relative to all 
other PAHs.   
 
Since PAHs are relatively stable as compared to many other hydrocarbons (e.g., long 
chain n-alkanes, isoprenoids and alkylated single ring aromatic compounds), they can be 
useful environmental tracers (Wang and Fingas, 2007). PAH signatures can also be 
sensitive to source delineation, an important consideration for attribution as background 
concentrations of PAHs from a variety of sources have been documented in the northern 
GOMx prior to the DWH oil spill (e.g. Sassen et al., 1999 (Fig. 2); Wade et al., 2008; 
Mitra et al., 2009; Wang et al., 2011). 
 
Figure 2: Distribution of shallow gas hydrates, oil or gas seeps and deepwater gas and oil 
discoveries and fields along the GOMx continental slope (taken from Sassen et al., 
1999).Each labeled box (i.e., “Mississippi Canyon”, “Walker Ridge”, etc.) represents a 




1.1.3 Background PAHs in the GOMx 
In a recent analysis of fifty sampling sites in the northern GOMx along the continental 
shelf and slope, TPAHs were detected at concentrations that ranged from not detected to 
1,033 ng/g, with an average across all sites of 140 ng/g (Wade et al.,2008).  Perylene 
(Fig.1j), a PAH of biogenic origin, was the most common PAH detected in the study 
area, although the PAH molecular distributions indicated that they were derived from a 
mixture of sources.  The sites with the highest PAH concentrations were positively 
correlated with trace elements (Ba, Ni, Pb, Cd, As, Cu and Mn) commonly associated 
with oil drilling practices, however these sites also contained PAHs presumed to have 
been derived from onshore industrial activities and combustion sources (Wade et al., 
2008). 
Sediments collected at deep water oil seep sites in the northern GOMx contain a 
dominance of two- to three- ring PAHs (particularly naphthalene and phenanthrene), but 
also contain PAHs associated with a pyrogenic origin (Wang et al., 2011).  Wang et al. 
(2011) also found a positive correlation between 28 individual PAHs and sedimentary 
organic carbon in surface sediments (r2 = 0.59). It is unclear whether sorption of PAHs to 
organic matter drives this correlation, or if it is derived from the spatial variation in 
microbial communities, which may alter the ratio of PAHs to organic matter (Wang et al., 
2011).   
In sediment cores collected near the mouth of the Mississippi River, on the continental 
shelf, PAHs were comprised of mostly low to mid-molecular weight compounds 
(molecular weight < 202), suggesting a mixture of sources (Mitra et al., 2009).  There 
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was generally a lack of correlation between TPAH and sedimentary organic carbon 
concentrations with sediment depth, with the exception of one core where benzo[a]pyrene 
(Fig.1i), a high molecular weight PAH, was found to correlate positively with 
sedimentary organic carbon (r2 = 0.47, p = 0.006).  The overall lack of strong and 
significant correlations between PAHs and sedimentary organic carbon is postulated to be 
due to sediment that is derived from mixed sources that change over time, or to mixing 
with organic matter that is not necessarily associated with PAHs being delivered to the 
GOMx (Mitra et al., 2009), or both. 
A comprehensive study performed on 10 dated sediment cores taken from the northern 
GOMxcontinental shelf, west of the Mississippi River, assessed historical PAH 
distributions (Turner et al., 2003).  TPAH concentrations ranged between 110 and 5,300 
ng/g, with compound distributions that indicated pyrogenic sources, and were comprised 
of significant amounts of high molecular weight PAHs,including fluoranthene and 
pyrene.  The historical trend of PAHs within all of the cores indicated persistent and 
increasing contaminant loading to seafloor sediments in this region since World War II.  
These pyrogenic PAHs were thought to have been dominantly supplied by fluvial inputs, 
as the highest concentration of pyrogenic PAHs occurred in the highest sedimentation 
rate zone, located at the mouth of the Mississippi River, and decreased moving seaward, 
farther from the Mississippi River sediment plume.  Furthermore, the location nearest to 
shore, which was enriched in PAHs, was also noted to be susceptible to influence by 
atmospheric deposition contributed from anthropogenic marsh burning for wildlife 
habitat conservation.  Turner et al. (2003) also detected a suite of petrogenic PAHs and 
hopanes, dominated by alkylated two and three ring PAHs, the concentrations of which 
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were generally inversely proportional to the concentrations of pyrogenic PAHs within the 
cores.  The petrogenic PAHs were attributed to activities associated with oil and 
gasexploitation, and to a lesser extent, natural hydrocarbon seeps, but it was not possible 
toapportionthe relative contributions of specific petroleum sourceswith the available 
data(Turner et al., 2003).   
1.1.4 Northern GOMx sources of sedimentary organic matter 
The sources of sedimentary organic matter to the northern GOMx include C3 plant 
detritus derived from coastal forests and swamps (δ13Corganic = -26 to -20 ‰), C4grasses 
and grassland soils (δ13Corganic =  ~ -15 ‰) supplied via erosion in the Mississippi River 
watershed, and marine primary and secondary productivity (δ13Corganic = -21 to -19 ‰) 
(Goni et al., 1997; Mitra et al., 2009).  Although C3plant and marine-derived organic 
matter are similar in their δ13Corganic signatures, these materials may be distinguished by 
comparing relative abundances of carbon and nitrogen (Peters et al., 1978; Jasper and 
Gagosian, 1990; Meyers, 1994; Hedges et al., 1997;Mitra et al., 2009).  Higher amounts 
of organic carbon (OC), lower OC:N ratios (4-10), and enriched δ15N are usually 
indicative of marine organic matter input, while organic matter that is low in organic 
carbon and nitrogen, with high OC:N ratios (30-60), and that is enriched in δ15N is 
indicative of a C3plant input (Mitra et al.,2009; Hedges and Keil,1995;Meyers, 1994).   
The results of initial investigations of coastal to seaward variation of organic matter 
sources using the δ13Corganic signatures in sediments that transition from the Mississippi 
River delta to the GoMx shelf haveshown a shift from terrestrial to marine source 
signatures in a fairly short distance (Sackett and Thompson, 1963; Calder, 1971; Gearing, 
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et. al, 1977).  For example, Gearing et al. (1977) reported δ13Corganic shifts from 
approximately -24 to -21 ‰ across transects from the edge of the Louisiana coast to less 
than 30 km onto the GOMx shelf, and remained within 0.5 ‰ past this distance, moving 
seaward.  However, debate continues regarding whether or not terrestrial carbon reaches 
farther on to the GOMx shelf, and even slope,and that perhaps the spatial trends of 
δ13Corganic are much more complex, and are significantly influenced by seasonal events 
such as storms (Goni et al.,1998; Waterson and Canuel, 2008; Allison et al., 2010). 
1.2 Hypotheses and Objectives 
Initially, the main focus of this study was to address how the Macondo well oil signature 
has been preserved in northern GOMx seafloor sediments collected one year after the 
DWH event, through the analysis of bulk sediment properties (δ13Cbulk, δ13Corganic, δ15N, 
% C, % N, % Corganic,C:N ratios), and PAH molecular analysis.  These signatures were 
proposed to be represented by four potential PAH source-endmembers in the study area: 
(1) seafloor sediments collected near the mouth of the Mississippi River, (2) pure 
Macondo well oil, (3) seafloor sediments associated with oil seeps, and (4) seafloor 
sediments unaffected by the DWH oil spill.  My preliminary hypotheses were that: (a) 
this four endmember system will completely constrain the signatures characterized by 
δ13Corganic, C:N ratios, and PAH molecular signatures for seafloor sediments collected 
west-southwest of the Macondo well, due to the observed transport direction and 
distribution of the hydrocarbon plumes (Camilli et al.,2010);(b) sediments collected to 
the northeast of the Macondo well are constrained only and completely by a three source-
endmember system, decoupled from the contribution of a Macondo oil signature, and (c) 
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PAHs and particulate organic carbon (POC) have stronger correlations with sediment 
depth at deep water sites in comparison to shallow water sites on the shelf.   
The initial hypotheses were later reconfigured due to the inability to characterize all of 
the potential endmembers, the lack of spatial control, and low sampling resolution at 
individual sites.  In this study, we investigated whether (a) TPAH concentrations, PAH 
molecular data, PAH molecular ratios, δ13Corganic, and OC:N ratios of northern GoMx 
continental shelf and slope sediments remained deviated from a "background" signature 
in October 2010 and 2011; (b) if  δ13Corganic, TPAH concentrations, and the distribution of 
individual PAH compounds support the notion that in 2010,seafloor sediments were more 
heavily impacted than in 2011, suggesting that subsequent degradation, transport, 
sedimentation and sediment mixing processes are playing a role; and (c) if azimuthal 
biases exist in the distribution of TPAHconcentrations and δ13Corganicin seafloor 
sediments, suggesting that areas to the west-southwest of the Macondo well were 
moreheavily impacted (consistent with the observed trajectory of hydrocarbon plumes; 
Camilli et al., 2010).   
The methodologies used to address the hypotheses were to (a) characterize the bulk 
sediment properties (δ13Cbulk, δ13Corganic, δ15N, % C, % N, % Corganic, C:N ratios) of 
selected seafloor surface samples in each year (n = 11 bulk and organic in 2010 (0-1 cm 
only in 11 stations, Fig. 3); n=390 bulk and organic in 2011 (0-20 cm (1 cm to 10 cm, 2 
cm to 20 cm) at 26 stations, Fig. 4), (b) characterize TPAH concentrations, an entire suite 
of individual PAHs, and diagnostic molecular ratios for selected seafloor surface 
sediment in each year (n = 11 stations (0-1 cm horizon only, Fig. 3) in 2010 and n = 18 
stations (0-1, 1-2, and 2-3 cm horizons only) in 2011, Fig. 4) and a sample of pure 
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Macondo oil, and (c) create, test, and fit a statistical spatial model using 2010 and 2011 
results, including TPAHconcentrations and δ13Corganic  to identify spatial trends.  






Figure 3: a) Map of selected 2010 sample locations (black circles), and the Macondo-252 
well (red circle).  Sites selected for 2010 PAH analyses include stations GIP (Gulf 
Initiative Project) 2,4, 6, 11, 13, 15, 16, 17, 18, 20, 23, 24, and 25.  Rectangle indicates 
reference box for panel b.  b) Stations (black circles) within ~20 km of Macondo well 










Figure 4: a) Map of selected 2011 sample locations (black circles), and the Macondo-252 
well (red circle).  Sites selected for 2011 PAH analyses include stations GIP (Gulf 
Initiative Project)  2,4, 6, 11, 13, 15, 16, 17, 18, 20, 23, 24, 25, D, E, F, H, and L.  
Rectangle indicates reference box for panel b.  b) Stations (black circles) within ~20 km 
of Macondo well (red circle). Bathymetric base maps created using NOAA bathymetric 
grid data (http://maps.ngdc.noaa.gov/viewers/wcs-client). 
1.3 PAH Sourcing Techniques 
1.3.1 Molecular Fingerprints 
There are multiple pathways by which PAHs may be formed.  Each pathway manifests a 
distinct distribution of compounds that provide insights into their origin and occurrence 
in sediments (Burgess et al., 2003a; Yunker et al.,2002).  In addition to molecular 
distributions, diagnostic compound ratios are often utilized to distinguish PAHs in 






residues that are derived from an oil spill, oil seep, or combustion processes (Wang and 
Fingas, 2007; Wang et al., 1995; Wang et al. 1999a;Yunker et al., 2002).   
Petrogenic PAH assemblages are often associated with alkylated, lower molecular weight 
compounds (two- to three- ring structures containing alkyl/aryl groups; Wang and Fingas, 
2007). The distribution of molecule shapes and masses are controlled by the origin of the 
organic matter (i.e., marine or terrestrial) and conditions in the reservior (i.e., temperature 
and pressure).  Biogenic PAH assemblages are usually dominated by perylene and retene 
(isopropyl methyl phenanthrene), which form through the diagenetic alteration of natural 
aliphatic, cyclic compounds (Abrajano et al., 2007).  Pyrogenic PAHs are formed through 
pathways that involve free radical reactions, where the source material is “cracked” at 
high temperatures, forming unstable compounds which are then fused to form more 
stable and condensed molecular structures (Abrajano et al., 2007;Lee et al., 1981).  
Pyrogenic PAH assemblages are generally dominated by four to six ring, unsubstituted 
compounds,and their composition depends on the nature of the original organic material 
and conditions during combustion (Wang and Fingas, 2007). 
Three general criteria may distinguish pyrogenic from petrogenic PAHs:(1) Pyrogenic 
PAHs have a greater abundance of unsubstituted compounds with decreasing degrees of 
alkylation;(2) Pyrogenic PAHs have a greater abundance of four to six ringed PAHs 
relative to two to three ring PAHs; and (3) PAHs from pyrogenic origins comprise a 
much higher mass percentage of the total amount of pyrogenic compounds (e.g., soot 
carbon, nitrogen oxides)formed than PAHs that are contained within petrogenic source 
materials (Wang and Fingas, 2007).  These characteristics have been confirmed by 
monitoring PAH distributions before and after in situ burning in large scale, simulated 
19 
 
hydrocarbon spills (Fingas, 1994;Wang et al., 1999a).  For example, PAH distributions 
varied widely between unburned diesel fuel, burned residue and soot particles in a 
simulated diesel spill in Mobile Bay, AL (Wang et al., 1999a).  PAHs in unburned diesel 
fuel were dominated by alkylated naphthalene, dibenzothiophene, fluorene, and 
phenanthrene, while concentrations of four, five and six ring PAHs were significantly 
lower (see Fig. 1).  Burned diesel fuel residues contained both vestiges of the unburned 
fuel and pyrogenic products.  Relative amounts of naphthalene and alkylated naphthalene 
were much lower, while chrysene concentrations were 10-14 times higher in the burned 
residue and soot particles as compared to the unburned diesel fuel (Wang et al., 1999a). 
1.3.2 Molecular Ratios of PAHs 
Parent Isomeric Ratios 
Comparing relative abundances of isomeric (molecules that contain the same number and 
kinds of atom) parent PAHs relies on differences in thermodynamic stability,and can be 
used to gain insight on PAH origin.  The PAHs formed in relatively low temperature 
settings, such as during petroleum formation, are referred to as "thermodynamic", while 
PAHs formed during high temperature conditions are known as "kinetic" (Table 
1;Yunker et al., 2002; Yunker and Macdonald, 1995).  Exploiting the differences in the 
heat of formation (Hf ;or enthalpy)  may provide insight into the formation pathway, and 
therefore reflect the subsequent stability.  Isomer sets with the greatest difference in Hf 
between molecules will be the most useful to apportion the source of PAHs that have 
different origins (and thus, formed under different temperature settings) (Yunker et al., 
2002).  An example of this would be fluoranthene and pyrene (mass 202), which has an 
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Hf difference of 20.58 kcal/mol.  On the other hand, chrysene (mass 228) only has a 2.0 
kcal/mol difference in Hfin comparison to its isomer Benz[a]anthracene, which makes it a 
less desirable ratio for delineating between thermodynamic and kinetic PAHs (Yunker et 
al., 2002).  In environmental samples, the power of isomeric ratios is typically restricted 
to distinguishing between combustion and petroleum derived PAHs, due to the natural 
variation among isomers within oils and other petrogenic materials (Abrajano et al., 
2007). 
Table 1: Kinetic (favored by combustion) and thermodynamic(favored by low 
temperature formation) isomers by molecular weight. 
Molecular Weight (amu) Thermodynamic Kinetic 
178 Phenanthrene Anthracene 
202 Pyrene Fluoranthene 





276 Benzo[ghi]perylene Indeno[1,2,3-cd]pyrene 
 
 
Phenanthrene and Anthracene (Mass 178) 
Relative amounts of phenanthrene/anthracene in crude oils can vary widely, as tabulated 
by Wang and Fingas (1999b).  Among 40 different crude oils from around the world, the 
ratio of phenanthrene/anthracene ranged between 13.9 and 353.4.  Despite this large 
range, it is well documented that values of phenanthrene/anthracene>10 are associated 
with petrogenic source materials, while values <10 are associated with pyrogenic source 
materials (Wang and Fingas, 1997; Benlahcen et al., 1997). 
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Ratios of anthracene/178 (An/178) and phenanthrene/178 (phen/178), where "178" 
represents the sum of the mass 178 PAHs anthracene and phenanthrene, are also common 
ways to represent the relative differences within these molecules, in terms of their source.  
An/178 ratios of< 0.1 are typically associated with petrogenic materials such as crude oils 
(mean = 0.07, n = 9 samples; mean compiled by Yunker et al., 2002; Grimmer et al., 
1983; Wise et al., 1988; Benner et al., 1990), kerosene (0.04, n = 1; Yunker et al., 2002; 
Westerholm and Li, 1994), diesel fuels (mean = 0.09+ 0.05, n = 8; mean compiled by 
Yunker et al., 2002;Westerholm and Li, 1994;Wang et al.,1999a;Schauer et al.,1999; 
Westerholm et al.,2001).  Deviations from this general cut-off (An/178<0.1) for materials 
associated with petrogenic sources include shale oil (0.26, n = 1;Yunker et al., 2002;Wise 
et al.,1988) and coal (mean = 0.20, n = 27; Yunker et al., 2002; Radke et al.,1982).  
Pyrogenic materials generally have An/178 values of>0.1, including combusted crude 
oils (mean= 0.22, n = 4; mean compiled by Yunker et al., 2002; Benner et al., 1990), 
gasolines (mean= 0.11; n = 2; Yunker et al., 2002;Li and Kamens, 1993; Rogge et al., 
1993), and diesel fuel (mean= 0.11; n = 25; Yunker et al., 2002; Wang et al.,1999a; 
Schauer et al.,1999). 
Fluoranthene and Pyrene (mass 202) 
Fluoranthene to pyrene ratios are also used to distinguish between petrogenic and 
pyrogenic source materials.  Fluoranthene/Pyrene ratio values<1 are usually characteristic 
of petrogenic sources, while values >1 indicate combustion (Wang and Fingas, 1997; 
Benlahcen et al., 1997). 
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Fluoranthene/Fluoranthene+Pyrene (Fl/Fl+Py) is a more commonly used ratio for mass 
202, but the values can varywithin sources.  Pyrogenic sources typically have Fl/Fl+Py 
values of > 0.5, but for many combustion-related materials derived from petrogenic 
sources, such as combusted crude oil, the values often fall below this value (Yunker et 
al., 2002).  Average Fl/Fl+Py values of 0.22+0.07 (n = 9) have been documented for 
crude oils, while single measurements for kerosene and shale oils have produced much 
higher values (0.46, n = 1; 0.34, n = 1, respectively; Yunker et al., 2002; Westerholm and 
Li, 1994; Wise et al., 1988).  Combusted crude oils have Fl/Fl+Py values of 0.44+ 0.02 (n 
= 4; Yunker et al., 2002;Benner et al., 1990), combusted gasolines havea value of 0.44 (n 
= 2;Li and Kamens, 1983; Rogge et al., 1993), and combusted diesel fuel a value of 0.39 
+0.11 (Yunker et al., 2002; Wang et al.,1999a; Schauer et al.,1999). 
Chrysene and Benz[a]anthracene (mass 228) 
Since chrysene and benz[a]anthracene occur at low concentrations relative to two to three 
ring PAHs within low temperature systems (i.e., during petroleum formation), much 
variability exists between petrogenic signatures of this isomer ratio (Yunker et al., 2002).  
A ratio of benz[a]anthracene/228 (baA/228) of<0.2 is generally associated with 
petroleum products, since benz[a]anthracene occurs at very low quantities within these 
(Yunker et al.,2002;Soclo et al.,2000).  The transition, however, from pyrogenic sources 
to petrogenic sources is not very distinct, since diesel oil (n = 8; Yunker et al., 
2002;Westerholm and Li, 1994;Wang et al.,1999b; Schauer et al.,1999; Westerholm et 
al.,2001) and kerosene (n = 1; Yunker et al., 2002; Westerholm and Li, 1994) can have 
baA/228 ratios of 0.35.   
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Benzo[ghi]perylene and Indeno [1,2,3-cd] pyrene (mass 276) 
Similar to benz[a]anthracene and chrysene, the concentrations of benzo[ghi]perylene and 
indeno[1,2,3-cd]pyrene in petrogenic sources are low (Yunker et al., 2002).  Also, the 
variability and inconsistencies of this ratio within sources make it difficult to determine a 
cut-off between petrogenic and pyrogenic materials (Yunker et al., 2002; Wang et al., 
1999b). For example, diesel oil and kerosene have indeno[1,2,3-cd]pyrene/276 
(IP/IP+Bghi) ratios that are very similar to their combustion products.  On the other hand, 
crude oil has a IP/IP+Bghi ratio of 0.09 (n = 9), and 0.47+0.01after experiencing 
combustion (Grimmer et al., 1983; Wise et al., 1988; Benner et al., 1990).    
Isomer Ratio Cross-Plots 
Use of a single ratio in PAH source discrimination is often inconclusive, especially for 
analytes that occur in low proportion relative to other PAHs, or due to the high natural 
variability of isomers within a source (Wang et al., 2007; Yunker et al., 2002; Yunker et 
al., 2000; Wang et al., 1999b).  To strengthen the utility of using isomer ratios for source 
apportionment, two isomer ratio values are plotted against one another (e.g., Yunker et 
al., 2000; Yunker et al., 2002; Fatima et al., 2001; Walker et al., 2005; Kim et al., 2008).  
Plotting Phenanthrene/Anthracene vs. Fluoranthene/Pyrene is a common way to 
furtherdiscriminate between petrogenic and pyrogenic materials, but the source 
discriminationpower of Pheanthrene/Anthracene is limited in mixed source, 
environmental samples because of the relatively small difference in Hf between 
isomers(Fatima et al., 2001). 
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In a PAH source apportionment study performed following an oil spill in Guanabara Bay 
(Brazil), Phenanthrene/Anthracene and Flouranthene/Pyrene ratios were measured  and 
cross-plotted from extracts of affected intertidal and subtidal sediments and the spilled 
heavy fuel oil.  Literature derived values for other endmembers (oils, fuel combustion, 
and grass/wood/coal combustion) were also used in the cross-plots as a reference of 
where various sources would plot, in the event that the observations contained a mixed 
source signature.Using the values of Phenanthrene/Anthracene<10 and 
Fluoranthene/Pyrene>1 as the general cut-off for petroleum-derived sources, it was 
apparent that the results from each of these ratios actually contradicted each other (Wang 
and Fingas, 1997; Benlahcen et al., 1997).  The Phenanthrene/Anthracene ratio results 
suggested the sediment samples contained a dominance of pyrogenic PAHs, while the 
Fluoranthene/Pyrene ratio suggested that the sediment samples were dominantly 
petrogenic.  Most of the sediment samples andsome ofthe literaturederived endmembers 
plotted in quadrants associated with mixed sources.  Again, this is probably due to the 
fact that phenanthrene and anthracene have great natural variability within sources, and 
also have a relatively similar Hf (Yunker et al., 2002).  To further demonstrate the pitfall 
of using phenanthrene and anthracene as a source indicator, a cross-plot of 
Anthracene/178 andFluoranthene/(Fluoranthene+Pyrene) in all sediment samples 
collected immediately after the Guanbara Bay oil spill displayed pyrogenic signatures 
(Fatima et al., 2001).  However, since Fluoranthene/(Fluoranthene+Pyrene) has more 
source discrimination capacity, the data showed a clustering effect on either side of 0.4, 
which is close to the transition from petrogenic to pyrogenic characteristics (Fatima et al., 
2001; Yunker et al., 2002).   
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Alkyl Homologue Series  
Alkyl homologues refer to those PAHs that contain substituted carbon side groups, which 
can be comprised of C1-C4 combinations of methyl (CH3), ethyl (C2H5), propyl (C3H7) or 
butyl (C4H9) substituents.  Alkylated PAHs are more characteristic of low-temperature 
origins, are an indicator of petroleum source maturity, and tend to display unique 
characteristics associated with weathering and biodegradation (Yunker et al., 2002; 
LaFlamme and Hites, 1978).  High temperature settings are much more conducive to 
forming PAHs without substituted groups (i.e.,a maxima at C0), although depending on 
the physical conditions of combustion, alkylated PAHs may still be present in soot 
materials, albeit in very small quantities, typically as vestiges of unburned fuels (Wang et 
al.,1999a).  Moderate temperature, slow burning of biomass (similar to conditions of a 
wildfire) has been shown to generate alkyl naphthalenes and alkyl phenanthrenes 
(Gonzales-Vilaet al., 1991), but similar burning of crude oil yields many more 
unsubstituted PAHs (Benner et al., 1990) 
Although alkyl homologue series are better source discriminators than parent isomer 
ratios alone, it is more experimentally challenging to characterize them since many 
isomers of each alkyl homologue exist, but few analytical standards are available.  
GC/MS (gas-chromotography/mass spectrometry) characterization of these molecules is 
alternatively performed by repeated analyses of source materials (e.g., crude oils) to 
establish the retention times of target ions (Stout and Wang, 2007).  Quantification of 
PAHs is done by comparing the relative response factors (RRFs) of the target ions to the 
most molecularly similar analytical standard. Ideally, it is preferable to have at least one 
alkyl homologue standard within a series for RRF comparison (e.g., 1-methylnaphthalene 
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for the quantification of C1-C4 naphthalenes), although the parent standard can also be 
used as an alternative (Stout and Wang, 2007).  
Alkylated PAHs in petrogenic source materials generally are distributed "normally" in a 
bell shaped curve for C0-C4 compounds (except for the phenanthrene/anthracene series, 
which increases linearly with alkylation), but physical and biological weathering will 
quickly modify the distribution reflecting the relative stabilities of alkylated PAHs.  Once 
sufficiently weathered, the pattern will be as follows: C0<C1<C2<C3<C4 (Wang and 
Fingas, 1999b). 
Alkylated Naphthalenes 
Alkyl naphthalenes are useful indices in interpreting weathering and biodegradation 
because of their sensitivity to these processes, but are also useful with regards to their 
high abundance in crude oils relative to other PAHs.  Typically, the naphthalene series in 
blended petroleum products, specifically intermediate fuel oils (IFO), comprises 60-80 % 
of the PAH content (Uhler et al., 2007).  On the other hand, alkyl naphthalenes represent 
a small component of pyrogenic materials, and usually reflect the unburned portion 
(Uhler et al., 2007).  The most common ways to represent this series include using the 
ratio of the parent naphthalene to the total naphthalenes,or the ratio of total naphthalenes 
to TPAHs.   
Alkylated Phenanthrenes and Anthracenes  
Alkylated phenanthrenes and anthracenes behave similarly to alkyl naphthalenes after 
undergoing weathering and biodegradation processes, but comprise a smaller proportion 
of the entire suite of PAHs in petroleum systems relative to the naphthalenes, and 
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comprise a higher proportion of the entire suite of PAHs in pyrogenic materials.  The 
C0phen+anth/(C0+C1phen+anth) ratio (parent phenanthrene and anthracene relative to the 
sum of C0 and C1 phenanthrene and anthracenes) is most often used as a higher resolution 
ratio (as a replacement of the parent phenanthrene and anthracene isomer ratios) and the 
source interpretations tend to better corroborate with those of the 
fluoranthene/fluoranthene+pyrene ratio  (Yunker et al.,2000; Fatima et al.,2007).Values 
of C0phen+anth/(C0+C1phen+anth) > 0.5 were associated with a dominantly combustion 
source, while values < 0.5 were either petroleum related or mixed source materials 
(Fatima et al., 2007).   
Pyrogenic Index 
To address the pitfalls of using traditional molecular ratios, Wang et al. (1999a) created 
the "pyrogenic index" (PI) to more accurately distinguish among mixed sources.  The 
pyrogenic index is the ratio of the ∑(other EPA priority three to six ring PAHs)/∑(five 
target alkylated PAH series), where the other EPA priority three to six ring PAHs 
include: acenapthylene, acenapthene, anthracene, fluoranthene, pyrene, 
benz[a]anthracene, benzo[b]fluoranthene, benzo[e]pyrene, benzo[a]pyrene, perylene, 
indeno[1,2,3-cd pyrene], dibenz[a,h]anthracene, and benzo[ghi]perylene, and the five 
target alkylated PAH series include: alkyl naphthalenes, alkyl fluorenes, alkyl 
dibenzothiophenes, alkyl phenanthrenes, and alkyl chrysenes.  The PI proved to be a 
much more robust measure due to the remarkable consistency among various sample 
types, the lack of a concentration bias, and the observation that weathering and 
biodegradation had little effect on this ratio (Wang et al., 1999a).  Sampleswith PI values 
> 0.5 consistently indicated combustion, while PI values < 0.5 were associated with 
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petroleum sources (Wang et al., 1999a).  Pure crude oils and refined petroleum products 
have PI values < 0.01, while PI values increase greatly with the amount of pyrogenesis.  
In the 1994 Mobile Bay oil spill burn experiment, the burned residue had PI values 
between 0.8-1.2, which was supported by decreased phenanthrene/anthracene and 
chrysene/benz[a]anthracene ratios (Wang et al., 1999a). 
1.3.3 Degradation Signatures and Fate of PAHs 
Weathering (chemical and physical) and biodegradation processes have significant 
impacts on the distribution of hydrocarbons in the marine environment(e.g., O’Malley, 
1994; Wang et al., 1998; Mazeas and Budskinski, 1999; Haritash and Kaushik, 
2007;Wang et al., 2007).  It is important to acknowledge these phenomena when using 
molecular ratios as a source apportionment tool since preferential degradation pathways 
may greatly alter the signatures of PAHs due to their relative stabilities.  Moreover, the 
source itself can dictate the potential degradation pathways which ultimately are 
attributed to the substrate which the PAHs are associated with (e.g., soot, organic matter, 
sediment; Burgess et al., 2003a). 
Since pyrogenic PAHs form in tandem with soot carbon, they are often tightly adsorbed 
to this substrate, and consequently become resistant to biodegradation and weathering 
(Burgess et al., 2003a).  In fact, higher molecular weightPAHs (which preferentially form 
during combustion) have a decreased capacity to desorb from soot substrates due to the 
greater availability of pi bonding sites (Cornelissen et al., 2004).  Additionally, parent 
PAH molecules have a greater ability to form pi bond associations with soot than 
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alkylated PAHs since the van der Waals forces are distributed more evenly (Cornelissen 
et al., 2004).   
Upon the introduction of oil to the water column, the abundance and distribution of PAHs 
will be controlled mainly through sediment association and oil dissolution (Burgess et al., 
2003a).  Lower molecular weight compounds will preferentially be removed by 
biodegradation and dissolution, while higher molecular weight compounds will tend to 
associate with sediment particles.  Once the sediment is deposited, petrogenic PAHs may 
have more opportunities to degrade through desorbtion from the sediment, catalyzed by 
biological and physical mixing (Burgess et al., 2003a).   
Due to these inherent differences in sorption and desorption behavior, petrogenic 
PAHsare much more susceptible to weathering and degradation than 
pyrogenicPAHs.Weathering tends to affect petrogenic PAHs by removing the low 
molecular weight compounds and lower alkylated species first (decreasing degree of 
alkylation; i.e., C0<C1<C2<C3<C4) (Bayona et al., 1986; Wang and Fingas, 1997).  
Weathering will also increase the abundance of the two to three ring alkylated series 
(Wardlaw et al., 2011).  The distribution of PAHs within an alkylated series after 
experiencing biodegradation will be similar to that after experiencingweathering, butis 
actually controlled through the preferential biodegradation of specific alkylated isomers 
within a PAH series (Wang et al., 1998).  Bayona et al. (1986) and Mazeas and Budzinksi 
(2002) have illustrated this phenomenon by monitoring in situ degradation rates of 
alkylated isomers.  Naphthalenes, phenanthrenes, dibenzothiophenes, pyrenes, and 
chrysenes all exhibited similar characteristics, in that molecules within these series that 
contained adjacent, unsubstituted α and β positions were more easily biodegraded.  
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Mazeas and Budzinksi (2002) also noted that in an oil spill simulation experiment, while 
microbes preferred carbon sources with less alkylation, the "spilled oil" was consumed 
preferentially in comparison to the native PAHs, which were monitored by their 
individual δ13C signatures. 
Based on this information, degradation processes will no doubt have an effect on the 
molecular ratios used to interpret the origin of PAH contamination.  Therefore, molecular 
ratios should be employed with caution (and ideally should be paired with other proxies) 
in the case of an oil spill.  It is possible to confirm whether biodegradation is the primary 
degradation pathway through GCxGC/MS analysis, where individual isomers are 
unambiguously identified, or through GC/MS identification of PAH metabolites 
(generally hydroxylated PAHs) (e.g., Wardlaw et al., 2011;Wang et al., 1998; Bayona et 
al., 1986).  However,these options were not available for this study. 
Carbon Isotopes as an Indicator of Hydrocarbon Pollution  
Bulk carbon stable isotope analysis is a relatively cost-effective method that can be used 
in conjunction with detailed molecular data.  The basis of this analysis relies upon 
comparing the relative amounts of the two stable isotopes of carbon, 12C and 13C, which 
exist in natural abundances of 99 % and 1 %, respectively (Jeffrey, 2007).  Although 
these two isotopes behave similarly while undergoing chemical reactions, environmental 
and biological processes may result in their fractionation due to the atomic difference in 
bond strength (Jeffrey, 2007).  In a petroleum system, the carbon isotope ratio will 
depend on (1) the original source materials, (2) the fractionation processes that take place 
during petroleum generation, and (3) any fractionation after petroleum generation.  
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Therefore, different petroleum systems will yield distinct ranges of carbon isotope 
compositions, and these differences can be exploited to help distinguish 
discretepetrogenic source materials, and also non-petroleum related carbon sources, such 
as marine plankton or terrestrial plants (Jeffrey, 2007).    
Many studies have been successful in utilizing carbon isotopes to distinguish petroleum 
pollution from other petrogenic source materials in environmental samples, such the 1989 
Exxon Valdez tanker spill in Prince William Sound, Alaska.  Many oil residue samples in 
Prince William Sound had δ13C values which were nearly identical to the pure Exxon 
Valdez oil (-29.4 + 0.1 ‰), while a number of tarballs collected in the same area had 
δ13C values of approximately -23.7 + 0.2 ‰, suggesting another source of oil was present 
(Kvenvolden et al., 1995).  Later analyses showed that the biomarker and molecular 
signatures were similar to those of California Monterey oil products, which were widely 
used at that time (Kvenvolden et al., 1995). 
To distinguish petrogenic source materials in a mixed matrixthat may be comprised of 
many types of organic materials, a mass-balance approach ofassigning sources to a bulk 
δ13C signature is typically employed, if the isotope composition of the endmembers is 
known.  The main drawback of the bulk analysis is that it is inherently unspecific, since it 
cannot account for the many types of organic materials that may be present in a matrix.  
Rosenheim et al. (2013) has developed a different approach to identify theimpact of 
petroleum hydrocarbons on sediments in the GOMx by comparing post-DWH oil spill 
δ13C values in sediments to a compilation of 368 historical pre-DWH oil spill δ13C 
measurements taken between 1968-2010.  Rosenheim et al. (2013)  was able to compile 
canonical means for deep water slope sediments, shelf sediments, seep-affected 
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sediments, and for the entire GOMx (-20.4 + 1.6‰, -21.7 + 1.2‰, -25.2 +  4.1 ‰, and -
21.4 + 1.9‰ vs. PDB, respectively).  These values were utilized in conjunction with the 
δ13C value of the pure Macondo Oil (-27.3 + 0.34‰ vs. PDB; Graham et al., 2010) and 
Δ14C (sediment age) data to formulate a binary mixing model to relate to the historical 
canonical mean data through the equation:  
𝛿𝑝𝑜𝑠𝑡 = 𝑓𝛿𝑜𝑖𝑙 + (1 − 𝑓)𝛿𝑝𝑟𝑒 
where δ can represent δ13C or ∆14C and  f  is the fraction of oil.  The parameter"Δδ13C" 
was used to describe the anomaly, in terms of the value deviation from the canonical 
mean to post-DWH measurements, andwas supported by TPAH measurements.  Their 
data suggested a loose relationship between TPAH concentrations and  Δδ13C, where 
increased TPAH concentrations were associated with higher anomalies in Δδ13C (more 
depleted, which could be caused by relatively depleted petroleum source materials), but 
too few data were provided to prove conclusive.  On the other hand, Figure5 displays the 
lack of spatial relationships between Δδ13C, TPAH concentrations (ng/g), and TPAH 
concentrations normalized to particulate organic carbon content (ng/g), which is 
potentially due to the lack of spatial control.Rosenheim et al. (2013) also speculated 
thatshelf sediments were influenced heavily by Mississippi River input, despite the fact 
that δ13C signatures displayed a fairly quick off-shore transition from terrestrial derived 




Figure 5: Spatial distribution of Δδ13C, TPAH concentrations (ng/g) and TPAH 
concentrations normalized to organic carbon content (ng/g).  The location of Macondo 










2. MATERIALS AND METHODS 
2.1 Field Sampling 
Short (60 cm length; 10 cm diameter) sedimentcores were collected in October, 2011 in 
the northern GOMx at 26 sites surrounding the Macondo well (Fig.4) using an Ocean 
Instruments Deep Sea Multi-Corer (MC-800) aboard the R/V Cape Hatteras. Cores were 
extruded onboard, sectioned (rinds removed) at 1 cm intervals from 1 cm to 10 cm and at 
2 cm intervals thereafter to 20 cm, and placed into 9 oz. amber jars.  Samples were 
immediately stored at 4°C for transport back to the laboratory.  Cores were similarly 
acquired in 2010 by GERG (Geochemical and Environmental Research Group) at Texas 
A&M.  Bathymetric information for each station can be accessed in the appendix. 
2.2 Laboratory Methods 
2.2.1 Bulk and Acid Insoluble Residue Analysis 
Samples were prepared by weighing and freeze drying an aliquot of sediment for 24 
hours.  A final weight was recorded before homogenizing with a mortar and pestle.  
Approximately 20 mg of bulk sediment was loaded into a pre-cleaned tin cup for bulk  
wt. % C, wt. % N and carbon and nitrogen isotope ratio analysis.  A second aliquot of 
freeze dried sediment was subsampled for organic carbon analysis.  To remove inorganic 
carbon (i.e., CaCO3), 25 mL of 1.2 M HCl were added to 300 mg of sediment and 
sonicated for 1 hour.  The acid insoluble residue was recovered by filtration on a 0.45 μm 
Millipore HTTP polycarbonate filter and rinsed with 100 mL of deionized water to 
remove calcium chloride salts.  The percent inorganic carbon was determined by weight 
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difference after drying the sample in an oven to constant weight.  Each sample was 
analyzed for % C, % N, δ13C, and δ15N on an ECS 4010 Costech Elemental Analyzer 
linked to a Thermo Fisher DeltaPLUS XP Isotope Ratio Mass Spectrometer.  Isotope 
values were adjusted according to the difference in the average of a series of in-house 
isotope standards ("dorm-3") from the known value (δ13C = -19.59  ‰; δ15N = 12.46  ‰; 
refer to appendix section 6.4.1 for more information).  Percent carbon and nitrogen were 
determined by comparison to the volt-second area output of ACE (acetanilide) standard 
material (C = 71.09 wt. %, N = 10.36 wt. %; refer to appendix section 6.4.1 for more 
information).   
2.2.2 PAH Extraction 
Extraction procedures were modified from EPA methods 8270 (GC/MS Analysis of 
Semivolatiles) and 3540C (Silica Gel Column Chromatography). Approximately 15 g of 
freeze dried sediment was combined with 2 g of anhydrous Na2SO4 prior to extraction, 
and spiked with 1 mL of base-neutral surrogate standard mix (Supelco, 
Bellfonte,PA),containing 10 ug/mL of 2-fluorobiphenyl and 4-terphenyl-d14.  Organic 
materials, including PAHs, were removed by Soxhlet extraction for 24 hours in 250 mL 
of dichloromethane (DCM).  Extracts were reduced to approximately 15 mL by 
rotoevaporation, exchanged to n-hexane, and then evaporated to ~1mL.Aliphatic and 
polar components were removed by silica chromatography using silica gel activated at 
200⁰C.  Columns were prepared by mixing 10 g of 250-400 mesh silica gel into a slurry 
of hexanes, and added to a 300x10 mm i.d. chromatography column.  Columns were pre-
eluted with 40 mL of hexanes prior to the addition of the ~ 1 mL of sample extract.  The 
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aliphatic component was eluted with 25 mL of hexanes and the aromatic component was 
eluted with 2:3 hexanes:DCM.  Finally, aromatic extracts were evaporated under a stream 
of N2 before transfer to a GC vial.  Extracts were spiked just before GC/MS analysis with 
10 uL of d-PAH internal standard (EPA 8270 Semivolatile Internal Standards Mix, 
Supelco, Bellfonte, PA) at 20 ug/mL of naphthalene-d8, acenaphthene-d10, phenanthrene-
d10, chrysene-d12, and perylene-d12.   
2.2.3 GC/MS Analysis 
Sample and standard extracts were analyzed by injecting 1 uL of extract on a Varian 
3800 Gas Chromatograph (GC)/Saturn 2200 Mass Spectrometric Ion Trap Detector (MS) 
on a 30 m x 0.25 mm x 0.25 mm DB-5MS capillary column (J&W scientific).  GC/MS 
injections were made at 290⁰ C on splitless mode with 1.0 mL/min. ultrahigh purity He 
carrier gas.  GC oven temperature was set at 50⁰C, holding for 0.8 min. then ramping to 
300⁰C at 12⁰C/min., holding for 8.37 min.  
A standard curve containing 0.1, 0.5, 1.0, 5.0, 10.0, 25.0,and 50.0 ug/mL of the following 
analytes was prepared by dilution of the PAH standard mix (PAH calibration mix, 
Supelco, Bellfonte, PA) in DCM and analyzed prior to sample extracts: naphthalene, 1-
methyl naphthalene, 2-methyl naphthalene, acenapthylene, acenaphthene, fluorene, 
phenanthrene, anthracene, fluoranthene, pyrene, benz[a]anthracene, chrysene, 
benzo[b]fluoranthene, benzo[a]pyrene, indeno[1,2,3-c,d]pyrene, dibenz[a]anthracene, 
benzo[g,h,i]perylene.  The following additional analytes were added to the standard curve 
at the same concentrations by mixing solid particles into DCM: 2,3,5trimethyl 
naphthalene,3,6 dimethyl phenanthrene, biphenyl, and dibenzothiophene. Surrogate 
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standards of 2-fluorobiphenyl and 4-terphenyl-d14 were also added to the standard curve 
at 0.05, 0.25, 0.5, 2.5, 5.0, 10.0 and 25.0 ug/mL. 
Only curves with linear regressions of r2 =  0.99 or better were accepted, with the 
exception of chrysene which had an r2 value of 0.98.  To improve linear fit, the highest 
concentration standard was omitted from the standard curve for some analytes. 
2.2.4 PAH Quantification from Standard Curve Calibration 
Concentrations of analytes within the standard curve were calculated based on the 
relative peak area of the nearest (retention time) d-PAH internal standard, using the 
following equation: 
𝐶𝑎𝑛𝑎𝑙𝑦𝑡𝑒      = �
𝐴𝑟𝑒𝑎𝑎𝑛𝑎𝑙𝑦𝑡𝑒
𝐴𝑟𝑒𝑎𝐼𝑛𝑡.𝑆𝑡𝑑.
� ∗ 𝐶𝐼𝑛𝑡.𝑆𝑡𝑑. 
The positive verification of an analyte was confirmed by having 1) a retention time  + 0.4 
seconds from the standard retention time, 2) an accurate m/z (mass/charge) of the M+ ion 
(Molecular ion) for the analyte of interest, 3) a Gaussian or near-Guassian peak shape, 
and 4) adequately resolved baseline separation.  It should be noted that concentrations for 
individual analytes are still reported if the value falls below the range of the lowest 
calibration standard, but all other criteria are met. 
2.2.5 PAH Quantification of Alkyl Homologs 
Reference peaks (and retention times) for alkylated compounds not contained within the 
standard calibration curve were identified by extracting individual M+ ion peaks from the 
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total ion chromatogram (TIC) of pure Macondo oil and SRM 1944 extracts.  When 
possible, a qualifying ion was used to confirm the presence of an analyte due to the 
different fragmentation behavior expected from alkylated compounds upon electrical 
ionization.  Concentrations of these analytes were calculated with the same equation, 
using the slopes of the nearest parent compound.  
Since these analyte peaks were selected based on visual inspection of chromatograms of 
individual ions rather than calibrating with standard verification, they should be 
considered tentative.   
2.2.6 Quality Assurance/Quality Control (QA/QC) 
Surrogate Standard Analysis 
To monitor the extraction efficiency of each sample, a surrogate standard containing 1-
fluorobiphenyl and 4-terphenyl-d14 (EPA 8270 Semivolatiles Base/Neutral Surrogate 
Spike, Supelco, Bellfonte, PAH) was injected into samples prior to Soxhlet extraction.  
Analyte concentrations were adjusted by adding or subtracting the percent difference 
from 100 % of the most molecularly similar surrogate standard.  Analytes with molecular 
weights between 128-178 amu were corrected with 1-fluorbiphenyl, and analytes with 
molecular weights between 178-276 amu were corrected with p-terphenyl.  Surrogate 
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Matrix Spike Analysis  
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Matrix spike samples were prepared by spiking sediments with 1 mL of 10 ug/mL PAH 
standard mix, and were treated using the above method, and analyzed to understand the 
behavior of injected analytes of interest within the matrix of the sediment.   
Standard Reference Material 
Aliquots of 1 g of standard reference material (SRM-1944, New York, New Jersey 
Waterway Sediment, NIST) were extracted and analyzed to measure the accuracy of the 
methodological procedures using published concentration ranges for PAHs contained 
within this standard.   
Blanks and Duplicates 
Routine blanks, duplicate samples, matrix spikes, and standard reference materialswere 
analyzed using the described methods.  Additionally, a 10 ug/mL calibration verification 
standard containing all analytes within the standard curve was run daily to ensure analyte 
linearity and instrument integrity.     
Matrix spikes were prepared by spiking sediment samples at 10 ug/mL with 1 mL of 
PAH standard mix. 
2.3 Statistical Methods 
2.3.1 Analysis of δ13Corganic 
δ13Corganicwas plotted against latitude, longitude, and water depth, and statistical models 
were fit to investigate the possible effect of each of these parameters on the average 
δ13Corganic.  It was assumed that observations at individual stations could be considered 
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independent and that errors were distributed normally with constant variance.  Various 
spatial δ13Corganicmodels were considered for testing: a) quadratric trends in both latitude 
and longitude, with a linear trend in depth, b) quadratic and linear trends in latitude, c) 
quadratic and linear trends in longitude, and d) constant mean model.  Models were fit to 
the 2010 and 2011 data separately, and the best model was selected using the AIC 
(Akaike's Information Criterion).  To determine whether fitting a model for both years 
combined more adequately described the trends, analysis of variance (ANOVA) was 
used.  The model assumptions were tested through visual inspection of the residuals, and 
outliers were removed before refitting the model.   
The purpose of this exploratory analysis was to aid in the identification of spatial trends 
of a large data set. 
2.3.2 Analysis of TPAH 
TPAH statistical model fitting was similar to the process described for δ13Corganic, but an 
additional spatial model was considered for testing: quadratic and linear trends in both 
latitude and  longitude.  Models were fit to 2010 and 2011 data separately, and the model 
assumptions were again inspected through visual inspection of the residuals.  In this case, 
the residuals were considerably skewed, which is a violation of the model assumptions.  
To address this, a log transform was applied to TPAH concentration data and the model 
was refit.  
Similar to the δ13Corganic , this exploratory analysis was to aid in the investigation of 




3.1 Bulk Sediment Measurements 
3.1.1 Total Particulate Organic Carbon and Total Nitrogen 
In October 2010, the particulate organic carbon (POC) concentrations in surficial 
sediment (0-1 cminterval) for continental slope stations (n =  9) ranged between 1.55-
2.22 % (average = 1.88 %; median = 1.78 %) and the total nitrogen concentrations were 
between 0.13 % and 0.26 % (average = 0.21%; median = 0.22%).  POC concentrations 
for the two continental shelf stations in the same year averaged 1.96 % (GIP 2: 1.76 %; 
GIP 4: 2.15%), and total nitrogen concentration averaged  0.18 % (GIP 2: 0.16 %; GIP 4: 
0.20 %).  It should be noted that the POC has not been fully characterized for 2010 
stations and the ranges reported may be subject to change.  In 2011, the POC 
concentrations in surficial sediments were lower at every station (that was sampled in 
both years), while the nitrogen concentrations were similar to the previous year.  For 
continental slope stations in 2011 ( n = 24), the POC concentrations ranged from 0.55 to 
2.06 % (average = 1.41 %; median = 1.41 %) and nitrogen concentrations ranged 
between 0.1 to 0.22 % (average = 0.18 %; median = 0.18 %).  Similarly, the continental 
shelf stations (2011; n = 2) had lower overall POC concentrations, 0.80 % for GIP 2, and 
1.23 % for GIP 4, and slightly lower total nitrogen concentrations as well, 0.15 % for 
both stations.  POC concentrations dropped at every station that had repeated 
measurements between 2010 and 2011 (Fig.6), many times exceeding a change of 0.5 
weight percent. No consistent down-core trends were apparent, except that in many cases, 
the surficial sediment contained the most organic carbon, which is typical of these 
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depositional environments (e.g.,Berner, 1982; Burdige, 2007).  The ratio of OC:N was 
within the range of marine organic matter (4-10; Mitra et al.,2009; Hedges and Keil,1995; 
Meyers, 1994), for most stations in both years, but dropped between 2010 and 2011 at 
every station except GIP 25 (Fig. 7).  However, some values fell outside of this range 
(GIP 2, 4, 6, 13 in 2010; GIP H in 2011), which may suggest enrichment from 
hydrocarbons or terrigenous organic matter influence. 
 
 
Figure 6: Comparison of Total Particulate Organic Carbon (weight  %) in 2010 and 2011.  
GIP 2 and 4 represent continental shelf stations, while the remaining stations represent 




Figure 7: Comparison of OC:N ratio in 2010 and 2011.  GIP 2 and 4 represent continental 
shelf stations, while the remaining stations represent continental slope stations.  Pre-spill 
values can be obtained in section 4.1.1. 
3.1.2 Stable Carbon Isotopes (δ13Corganic) 
δ13Corganicvalues for surficial (0-1cm) continental slope sediments collected in 2010 (n = 9 
stations) ranged from -23.37 to -20.77  ‰ (vs. PDB; average = -21.92  ‰; median = -
21.74 ‰) and between -20.54 and -22.69 ‰ (average = -21.46 ‰; median = -21.24 ‰) 
in 2011 (n = 24 stations).  The continental shelf stations GIP 2 and GIP 4 had 
δ13Corganicvalues of -22.80 and -23.21 ‰ in 2010, and -22.69 and -22.47 ‰, respectively, 
in 2011.  Nearly every station at stations sampled in 2010 and 2011 (except GIP 17) was 
more enriched in δ13Corganic in 2011 (Table 2).  However, all stations were depleted in 
δ13Corganic relative to the canonical means tabulated by Rosenheim et al. (2013) (GOMx 
open ocean:-20.4 ‰; GOMx shelf:-21.7 ‰) which may suggest the influence of 
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hydrocarbons which are relatively depleted inδ13Corganic(e.g., Macondo oil: δ13Corganic = - 
27.3 ‰  + 0.34 vs. PDB; Graham et al., 2010).  These results and those from the OC:N 
ratios reflect a dominance of marine organic matter (δ13Corganic = -21 to -19 ‰; Goni et 
al., 1997; Mitra et al., 2009) with a few values falling outside of this range, suggesting 
the incorporation of an  isotopically depleted organic matter source (Fig.8). 
Table 2: Comparison of δ13Corganic between 2010 and 2011, per mil change from 2010 to 
2011, and deviation of δ13Corganic from the canonical mean from Rosenheim et al., (2013).  
GIP 2 and 4 represent continental shelf stations, while the remaining stations represent 
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GIP 2 -22.80 -22.69 0.11 -1.10 -0.99 
GIP 4 -23.21 -22.47 0.74 -1.51 -0.77 
GIP 6 -22.54 -22.22 0.32 -2.14 -1.82 
GIP 11 -21.35 -21.08 0.27 -0.95 -0.68 
GIP 13 -23.37 -22.66 0.71 -2.97 -2.26 
GIP 15 -22.45 -21.50 0.95 -2.26 -1.1 
GIP 16 -22.58 -21.67 0.91 -2.18 -1.27 
GIP 17 -21.33 -21.92 -0.59 -0.93 -1.52 
GIP 20 -20.77 -20.75 0.02 -0.37 -0.35 
GIP 24 -21.16 -21.11 0.05 -0.76 -0.71 












Figure 8: a) δ13Corganic vs. OC:N for 2010 and 2011 stations for surficial sediment only (0-
1 cm).  b): δ13Corganicvs. OC:N for 2010 and 2011 stations in comparison to the δ13Corganic 
and OC:N ranges for C3 terrestrial plants, C4 terrestrial plants, and marine organic matter 
(algae and plankton). 
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3.2 Polycyclic Aromatic Hydrocarbons 
3.2.1 Total Polycyclic Aromatic Hydrocarbons (TPAH) 
Concentrations of TPAHs measured in post-oil spill GOMx continental shelf and slope 
sediments (0-3 cm) collected in October,2010 ranged between 72.57-7,543.53 ng/g dry 
weight, with an average of 1,106.38 ng/g dry weight (Fig. 9).  This differs from the 
TPAH distribution measured in sediments collected from the same stations in 
October,2011, which ranged from 25.55 and 16,582.77 ng/g dry weight with an average 
of 524.02 ng/g dry weight (average decreases to 221.03 ng/g by removing the highest 
data point, GIP 13; Fig.9).   
TPAH concentrations in shelf sediments measured at two stations (GIP 2 and GIP 4) in 
three horizons (0-1, 1-2, 2-3 cm) ranged from 313.75-651.52 ng/g dry weight (between 
all three horizons), with an average of 521.91 ng/g dry weight in 2010, and from 59.01-
581.76 ng/g dry weight, with an average of 294.42  ng/g dry weight in 2011.  TPAH 
concentrations in continental slope sediments measured at 11 stations, also in three 
horizons (all ranges reported are combined values unless otherwise noted) ranged from 
72.57-7,543.53 ng/g dry weight, with an average of 1,192.97 ng/g dry weight in 2010, 
and ranged from 25.55-16,582.77 with an average of 552.76  ng/g dry weight in 2011 (n 
= 18 stations; average decreases to 211.66 ng/g dry weight after removing GIP 13 (0-1 
cm)).  Surface sediments (0-1 cm depth) generally had higher TPAH concentrations 
compared with 1-2 and 2-3 cm intervals in both 2010 and 2011.  In 2010, surface 
sediments had an average TPAH concentration of 1,629.62 ng/g dry weight, while the 
average dropped to 900.90 ng/g dry weight within the 1-2 cm interval.  The average 
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TPAH concentration in the surface sediments in 2011 was 1,140.84 ng/g dry weight 
(average decreases to 232.49ng/g dry weight after removing GIP 13), decreasing with 
depth (1-2 cm, and 2-3 cm TPAH concentrations of191.78 and 251.32 ng/g dry weight, 
respectively).   
 
 
Figure 9: Comparison of TPAH concentration for stations sampled in both 2010 and 
2011.  GIP 2 and 4 represent continental shelf stations, while the remaining stations 
represent continental slope stations. 
 
TPAH bubble plots  show a general spatial trend of higher concentrations to the west and 
southwest of the well in 2010 (Fig. 10).  TPAH concentrations were generally highest in 
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the surficial sediment in 2010 (0-1 cm), with the exception of station GIP 25, which 
exhibited a dramaticTPAH concentration increase in the 1-2 cm horizon (72.57 ng/g dry 
weight in 2010; 511.95 in 2011).  A general west, southwest trend in TPAH 
concentrations is also apparent in 2011 (Fig. 11).  Also in 2011, the western most stations 
(GIP 13, 6, 4) were the most concentrated, while the stations near the Macondo well were 
relatively less impacted.   
 
 
Figure 10: 2010 TPAH concentrations (ng/g) by station and sampling interval a) All 2010 
stations (0-1 cm).  b) Stations within ~20 km of Macondo well (star) (0-1 cm).  c) All 










Figure 11: 2011 TPAH concentrations (ng/g) by station and sampling interval a) All 2011 
stations (0-1 cm).  b) Stations within ~20 km of Macondo well (star) (0-1 cm).  c) All 
2011 stations (1-2 cm).  d) Stations within ~20 km of Macondo well (star) (1-2 cm). 
 
4.2.2 Compound Specific Polycyclic Aromatic Hydrocarbons 
Generally, for all stations in 2010 and 2011, the concentration of total alkylated PAHs 
were higher than the sum of their parent molecules in surficial sediment (0-1 cm; (except 
GIP 25 in 2010 and GIP 18, 23, D and L in 2011)).  The range of alkylated PAHs in 2010 
was 27.44-7,051.24 ng/g, with an average of 872.35ng/g, and a median of 291.95 ng/g 
dry weight.  The sum of parent PAHs in 2010, with corresponding alkyl homologues, 













87.55 ng/g dry weight.  The ratio of parent PAHs to the total PAHs with corresponding 
alkyl homologues (sum of parent molecules/(sum of parent molecules + sum of 
respective alkyl homologues)) ranged between 4-56 % with an average of 23 % and a 
median of 21 % in 2010. 
The range of alkylated PAH concentrations in 2011 was 8.35-1,519.73 ng/g, with an 
average of 526.72 ng/g, and a median of 92.58 ng/g, while the concentration range of 
their corresponding parent PAHs was 15.24-697.46 ng/g, with an average of 95.54 ng/g, 
and a median of 59.18 ng/g.  Relative amounts of parent PAHs in 2011 were higher and 
had a larger range than in 2010 (4-67 % with an average of 41 % and a median of 39 %).   
Naphthalenes 
The sum of alkylated naphthalenes was always higher than the parent compound 
concentrations at all stations, and at all depths in both 2010 and 2011, indicative of a 
petrogenic input. The alkylated naphthalenes comprised a higher percentage of the 
TPAHs in 2011 sediments (average = 19 %; median = 21 %), than in 2010 sediments 
(average =17 %; median =14 %) despite the fact that C1-naphthalenes were the second 
most abundant PAH in 2010.Nonetheless, these values are unsurprising given that 
alkylated napthalenes make up 63 % of the PAHs in Macondo oil. 
In 2010, concentrations of alkylated naphthalenes ranged from 20.69-535.40 ng/g dry 
weight (average =132.66 ng/g; median = 68.08 ng/g), compared to 2011 concentrations 
that ranged from 4.19-161.99 ng/g dry weight (average = 42.69 ng/g; median = 35.15 
ng/g; Fig.12).   
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Parent naphthalene concentrations also dropped between 2010 and 2011 (Fig. 12), 
although comprised a proportional percentage of the TPAH population (average = 4 %; 
median =  4 % for 2010 and 2011).  The range in 2010 was between 9.55-105.97 ng/g dry 
weight (average = 23.45ng/g; median = 15.53 ng/g) while dropping in 2011 to between 




Figure 12: Comparison of naphthalene and alkyl naphthalenes in 2010 and 2011 surficial 







Fluorenes were also elevated in alkylated homologues relative to the parent analyte. 
Alkylated fluorene concentrations in 2010 were between non-detect (ND) -1,089.37 ng/g 
dry weight (average = 107.79 ng/g; median = 42.40 ng/g), dropping to ND-265.90 
(average = 29.86 ng/g; median = 11.11 ng/g) in 2011 (Fig. 13).  Alkylated fluorenes 
comprised approximately 10 % of the TPAH in 2010 and in 2011, but in some cases, 
exceeded 30 % of the TPAH in 2011.  
Parent fluorene was a minor constituent of the TPAH, ranging between ND-25.70 ng/g 
dry weight (average = 4.25 ng/g; median = 3.08 ng/g) in 2010, and had similar 
concentration ranges in 2011, between ND-19.22 ng/g (average = 5.13 ng/g ; median = 




Figure 13: Comparison of fluorene and alkyl fluorenes in 2010 and 2011 surficial 






Alkyl phenanthrenes/anthracenes were generally much higher in concentration than the 
summed parent analytes in 2010, but had a smaller range, lower median, and average 
than the parent analytes in 2011.  Furthermore, phenanthrene was the most abundant 
analyte detected in 2011 sediments, comprising as much as 44 % (average = 24 %; 
median = 24 %) of the TPAH distribution, while only comprising as much as 12 % of the 
TPAH distribution in 2010.   
In 2010 sediments, alkylated phenanthrenes/anthracenes concentrations were between 
6.75-2,846 ng/g dry weight (average = 294.86 ng/g; median = 63.77 ng/g) while parent 
phenanthrenes/anthrancenes were at much lower concentrations, between 5.58-96.85 ng/g 
dry weight (average = 26.01; median = 16.60 ng/g; Fig. 14). 
In 2011 sediments, alkylated phenanthrenes/anthracenes were found at a much larger 
concentration range than 2010, between 1.16-11,917.00 ng/g dry weight (average = 
264.35ng/g; median = 26.91 ng/g; average decreases to 44.21 ng/g dry weight with GIP 
13 (0-1 cm) removed).  The parent phenanthrene/anthracenes in 2011 sediments were at 
concentrations of between 7.50-107.47 ng/gdry weight (average = 53.44 ng/g; median = 




Figure 14: Comparison of phenanthrene, anthracene, and summed alkyl phenanthrene and 
anthracenes in 2010 and 2011 surficial sediments (0-1 cm).  GIP 13 is removed due to 
scaling (concentrations of phenanthrene, anthracene, and alkyl phenanthrenes and 





Dibenzothiophenes were a minor constituent of TPAHs in both 2010 and 2011, with the 
exception of some slope stations (such as GIP 15 in 2010, and GIP 13 in 2011), which 
had elevated concentrations of alkylated dibenzothiophenes, contributing to a large range 
in both years.  In 2010, concentrations of alkyl dibenzothiophenes were between ND-
731.54 ng/g dry weight (average = 78.01 ng/g; median = 17.29  ng/g) and between ND-
1,048.00 ng/g dry weight (average = 28.56  ng/g; median = 0 ng/g) in 2011 (as most of 
the stations were 0 ng/g).   
Parent dibenzothiophene comprised an even smaller portion of the TPAH in continental 
shelf and slope sediments, only as much as 13.90 ng/g dry weight (average = 2.33 ng/g; 
median = 1.24 ng/g) in 2010, and a maximum of 4.90 ng/g dry weight (average =  0.15 
ng/g; median = 0) in 2011.   
Fluoranthenes/Pyrenes 
Fluoranthenes/Pyrenes were enriched in alkyl homologues, relative to the parent 
compound, further indicating a petrogenic source.  Despite having a lower range in 2010, 
the average and medianfor alkyl homologues were higher than in 2011.  Concentrations 
were between 2.4 and 646.82 ng/g dry weight (average = 82.47 ng/g; median = 27.81 
ng/g) in 2010, and between ND-2,639.63 ng/g dry weight (average = 73.00 ng/g; median 
= 0) in 2011 (Fig. 15). 
Parent fluoranthene and pyrene concentrations summed together in 2010 were between 
10.69-111.38 ng/g dry weight (average = 36.75 ng/g; median = 27.65 ng/g) and ND-
548.44 ng/g dry weight (average = 24.14 ng/g; median = 7.8 ng/g; Fig. 15). 
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It should be noted that for 2011 samples, fluoranthene/pyrene peaks could only be 




Figure 15: Comparison of fluoranthene and pyrene for 2010 and 2011 surficial 
sediments(0-1 cm).  Alkyl fluoranthenes and pyrenes are only displayed from 2010 





Despite only contributing 2.7 % of the TPAH distribution in the Macondo oil, alkyl 
chrysenes were often the most abundant PAH comprising TPAH in 2010 continental 
slope stations, accounting for as much as 43 % of the TPAH distribution.  The 2010 
sample concentrations ranged from ND-1,219.48 ng/g dry weight (average = 185.26 ng/g; 
median = 40.41 ng/g), while 2011 sample concentrations dropped to ND-175.29 ng/g dry 
weight(average = 13.26 ng/g; median = 6.80 ng/g) (Fig. 16).  It should be noted that most 
C4 chrysenes could not be resolved for 2011 samples so ranges of alkylated chrysenes in 
this year reflect only C1-C3 chrysenes (except GIP 4, which contained resolvable C4 
Chrysenes).   
Parent chrysene concentrations also dropped dramatically between 2010 and 2011.  In 
2010 samples, parent chrysene was ND-158.87 ng/g dry weight (average = 35.25 ng/g; 
15.30 ng/g),whichdecreased to ND-9.31 ng/g dry weight (average = 2.48 ng/g; median = 




Figure 16: Comparison of benz[a]anthracene, chrysene and alkyl chrysenes for 2010 and 
2011 surficial sediments. 
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4.2.3 Selected Molecular Ratios of Polycyclic Aromatic Hydrocarbons 
Naphthalene/ΣNaphthalenes 
The range of Naphthalene/ΣNaphthalenes (Nap/ΣNaps) was similar between 2010 and 
2011 (Fig. 17), but the spatial distribution of these values varied.  In 2010, the only 
stations that had values of Nap/ΣNaps near within  + 0.0 5of the Macondo oil value 
(Nap/ΣNaps = 0.08) were GIP 15 (0-1 and 1-2 cm intervals), and GIP 18 (0-1 cm 
interval).  Station GIP 18, located closest to the well, had the closest value of Nap/ΣNaps 
(0.05) to the Macondo oil of all the samples from 2010.  In 2011, the stations that had 
Nap/ΣNaps values within  + 0.05 of the Macondo oil were GIP 2  (0.12, 0- 1 cm and 
0.11, 1-2 cm) and GIP 4 (0.04, 2- 3 cm) on the continental shelf, and GIP 13 (0.12, 0- 1 




Figure 17: Comparison of Naphthalene/ΣNaphthalenes for (a) 2010 and (b) 2011 in top 3 





Phenanthrene and Anthracene Ratios (mass 178) 
Phenanthrene/Anthracene 
Phenanthrene/Anthracene (Phen/Anth) ratios for 2010 samples were generally much 
lower than those in 2011 samples due to the much higher abundance of phenanthrene 
relative to anthracene in 2011 (Fig. 18).  Only one 2010 sample, GIP 18 (0-1cm interval) 
had a value (13.02) above what is considered the threshold for petroleum related 
materials (Phen/Anth> 10), while most sample values fell above this in 2011.  Similarly, 
the value at GIP 18 (0-1 cm interval) was significantly higher (phen/anth = 354) than the 




Figure 18: Comparison of Phenanthrene/Anthracene for (a) 2010 and (b) 2011 in top 3 
cm sediment horizons.  Dashed line indicates value for pure Macondo oil.  Solid line 





Similar to the phen/anth ratio, all of the 2010 samples plotted within the combustion 
range (Fig. 19), except for GIP 18 (0-1 cm interval) which had a value remarkably close 
to the Macondo oil (an/178 = 0.08).  In 2011, sample results were again spilt between 
combustion and petroleum related signatures.  All of the 2011 continental slope stations 
within 5 km of the well had an/178 values at the surface (0-1 cm interval) that were 
consistent with pyrogenic materials, and all slope stations between 15-150 km away from 
the well(GIP 11, 13, 23, and 25; 0-1 cm intervals) had an/178 values that indicated 
petrogenic materials (among non-zero values). Also in the 2011 samples, in the 1-2 cm 
interval, stations GIP 13, E, F, and H had petrogenic an/178 signatures (among non-zero 
values), while GIP E and H were the only stations with values within this range in the 2-3 




Figure 19: Comparison of An/178 for (a) 2010 and (b) 2011 in top 3 cm sediment 
horizons.  Dashed line indicates value for pure Macondo oil.  Solid line indicates 





The C0phen+anth/(C0+C1phen+anth) ratio provided much different results than the other 
two mass 178 ratios (Fig. 20).  In both years, samples consistent with petrogenic 
signatures only occurred within the first two centimeters of sediment at a subset of 
stations.  Generally, the 2010 continental slope stations that had petrogenic signatures 
were located relatively close to the well (GIP 15, 16, 17, 18; 19.8 km, 4.9 km, 19.8 km, 
and 2.1 km, respectively) with the exception of GIP 13, which is 51.3 km from the well. 
Additionally, all of these locations are located west of the well, except for GIP 18, which 
is just 2.1 km due east of the well.  The 2010 stations GIP 15, 16, 17, and 18 also had the 
highest TPAH concentrations.In 2011, only one continental slope station had a value that 
was consistent with a petrogenic source signature, which was GIP 13 with a value of 0.23 
(which was also the site with the highest TPAH in 2011).The only continental shelf 
samples that fell within the petrogenic range were at the 2011 stations GIP 2 (0-1 cm 




Figure 20: Comparison of C0phen+anth/(C0+C1phen+anth) for (a) 2010 and (b) 2011 in 
top 3 cm sediment horizons.  Dashed line indicates value for pure Macondo oil.  Solid 





Fluoranthene and Pyrene Ratios (mass 202) 
Fluoranthene/Pyrene (Fl/Py) ratios from stations in 2010 dominantly indicated petroleum 
sources, whereas those from stations in 2011 dominantly indicated combustion sources 
(Fig. 21), which is nearly the opposite of what the phen/anth ratios displayed.  In 2010, 
the only stations that had a Fl/Py pyrogenic signature were GIP 20 and 25, which are 
located to the east and north of the well, respectively.  GIP 25 also had the lowest TPAH 
concentration (72.88 ng/g)in 2010, which was below the meanTPAH background 
concentration(140 ng/g; Wade et al., 2008).  2011 showed a much wider range of Fl/Py 
ratios, and only one station displayed a petrogenic signature, which was GIP 13(0-1 cm 
and 1-2 cm intervals, at 0.37 and 0.81, respectively).Fluoranthene/Fluoranthene+Pyrene 
ratios showed similar distributions of samples in the petroleum and combustion fields in 




Figure 21:  Comparison of fluoranthene/pyrene for (a) 2010 and (b) 2011 in top 3 cm 
sediment horizons.  Dashed line indicates value for pure Macondo oil.  Solid line 




Figure 22: Comparison of fluoranthene/202 for (a) 2010 and (b) 2011 in top 3 cm 
sediment horizons.  Dashed line indicates value for pure Macondo oil.  Solid line 




Benz[a]Anthracene and Chrysene (mass 228) 
Benz[a]Anthracene/228 (BaA/228) values could only be quantitated for 2010 since most 
of the concentrations in 2011 were below the detection limit.  The values of BaA/228 that 
fell within the petrogenic window all occurred within the 0-1 cm interval of sediment 
with the exception of station GIP 15 (1-2 cm interval).  Stations GIP 15, 17, 18, 20, 23, 
24, and 25 all had BaA/228 values that were consistent with petroleum source materials ( 
BaA/228 = 0.20).  All of the stationswith values within the petrogenic range, except for 
GIP 15 and 17, were located east or north of the well (Fig. 23).  The Macondo oil had a 
signature that actually fell into the combustion range (BaA/228 = 0.55) which suggests 
that the literature defined values don't necessarily hold true in this case.   
 
 
Figure 23: Benz[a]anthracene/228 for 2010 samples in top 3 cm sediment horizons.  
Dashed line indicates value for pure Macondo oil.  Solid line indicates transition zone 





For the 2010 stations, most of the pyrogenic index petroleum related signatures were 
contained within the surficial sediment (0-1 cm interval; with the exception of GIP 16, 
18, and 25), while the combustion related signatures were dominantly found down-core 
(1-2 cm and 2-3 cm intervals; Fig. 24).  In the 1-2 cm and 2-3 cm intervals, the stations 
that had a combustion related signature as compared to the 0-1 cm interval were GIP 2, 6, 
11, 18, 24 in the 1-2 cm interval, and GIP 16, 18, 24 in the 2-3 cm interval at 2010 
stations.  In 2011 the combustion related signatures were found at GIP E and 24 in the 1-
2 cm interval, and GIP 2, 13, 25, F, L in the 2-3 cm interval.  Stations that have a varying 
signature down core reflect a difference in source, which seems to be more apparent in 
2010.  The stations that had pyrogenic index values closest to the pyrogenic index values 
of the Macondo oil endmember (0.02) were GIP 15 (0.06) in 2010 and GIP 13 (0.05), in 




Figure 24: Comparison of pyrogenic index for (a) 2010 and (b) 2011 in top 3 cm 
sediment horizons.  Dashed line indicates value for pure Macondo oil.  Solid lines 




3.2.4 Selected Molecular Ratio Cross Plots 
Since the 178 and 202 molecular ratio plots did not corroborate with each other, cross-
plots of selected molecular ratios were constructed to further analyze the source of the 
PAHs.  The cross-plots shown here are for the ratios that have greater integrity in their 
source-delineation capacity (see section 1.3.2; Yunker et al., 2000; Yunker et al., 2002; 
Fatima et al., 2001).  The C0phen+anth/(C0+C1phen+anth) vs. 
fluoranthene/fluoranthene+pyrene suggests that in 2010, the majority of the GoMx 
samples were comprised of PAHs from mixed sources.  In 2011, the samples at all depths 
plotted dominantly in the pyrogenic window 2011 (Fig. 25). Similarly, the pyrogenic 
index vs. fluoranthene/fluoranthene+pyrene also suggested mixed sources for both years 
(Fig. 26).  The major difference is that this ratio suggests more of a petroleum influence 
in the source signature for 2011.   
Between both of these plots, it is clear that most of the 2010 samples that plot within the 
petrogenicwindow (or right on the transition line) occur within the surficial sediment (0-1 
cm interval).  Stations GIP 25 and 11 were the two stations that plotted consistently in the 
pure pyrogenic window in 2010, and were also the stations that had the lowest TPAH 
concentrations in this year.  Station GIP 13 was the only station that plotted consistently 




Figure 25: Double ratio cross-plot of C0phen+anth/C0+C1phen+anth vs. fluoranthene/202 





Figure 26: Double ratio cross-plot of pyrogenic index vs. 






3.3 Polycyclic Aromatic Hydrocarbon QA/QC 
Surrogate recovery of 1-Fluorobiphenyl ranged between 37.50-80.40 % (average = 62.90 
%; median = 62.70%), and for p-Terphenyl ranged between 37.0 and 105.0 % (average = 
68.50 %; median = 68.20 %).  Recoveries of corrected matrix spikes (Matrix spike 
concentration-corresponding sample concentration) ranged between 24 and 120.8 % 
(Table 3).   
Table 3: Matrix spike recoveries for station GIP 2, 1-2cm MS and GIP 24, 1-2 cm MS. 
 
 
Duplicates exhibited extreme heterogeneity within stations (Table 4).  Since duplicate 
samples were taken from different cores, it is expected that some level of patchiness will 



























was 2 orders of magnitude different (16,267 ng/g).  The GIP 13 high point was verified 
by multiple injections and was not run after any pure standards or calibration verification 
extracts.  No lab duplicates (duplicates on the same core) were analyzed, as there was not 
enough sediment for the extraction process. 













TPAH sans Perylene 156.34 559.64 16,582.77 315.29 
Naphthalene 3.43 3.49 11.50 9.19 
   C1-Naphthalenes 7.59 4.76 18.85 9.74 
   C2-Naphthalenes 4.46 53.25 21.50 17.34 
   C3-Naphthalenes 4.02 111.44 39.85 23.93 
   C4-Naphthalenes 0.86 70.96 15.91 15.73 
Biphenyl 3.88 2.43 7.07 3.53 
Acenaphthylene ND ND 1.13 1.58 
Acenaphthene ND ND ND 0.37 
Fluorene 3.07 1.59 13.29 4.18 
   C1-Fluorenes ND 17.74 9.31 3.53 
   C2-Fluorenes 4.70 ND 21.85 36.32 
   C3-Fluorenes ND ND 95.88 9.60 
Phenanthrene 50.39 17.86 107.47 34.79 
Anthracene 16.93 0.40 2.55 1.30 
   C1-
Phenanthrenes/Anthracenes 11.82 70.62 361.98 22.22 
   C2-
Phenanthrenes/Anthracenes 6.64 ND 3,123.10 25.22 
   C3-
Phenanthrenes/Anthracenes 5.31 63.16 5,097.89 18.09 
   C4-
Phenanthrenes/Anthracenes 5.99 ND 3,334.51 6.10 
Dibenzothiophene ND ND 4.90 ND 
   C1-Dibenzothiophenes ND ND 20.42 ND 
   C2-Dibenzothiophenes ND ND 318.92 ND 
   C3-Dibenzothiophenes ND ND 708.67 ND 
Fluoranthene 12.67 6.31 147.06 12.38 
Pyrene 7.60 3.31 401.38 12.30 
   C1-Fluoranthenes/Pyrenes ND ND 2,625.76 5.65 
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Table 4 continued: Comparison of duplicate samples GIP 13, 0-1 cm, and GIP D, 0-1 cm. 
   C2-Fluoranthenes/Pyrenes ND ND ND ND 
   C3-Fluoranthenes/Pyrenes ND ND ND ND 
Benz(a)anthracene ND 0.70 13.87 3.12 
Chrysene ND 2.81 9.31 5.22 
   C1-Chrysenes 2.70 46.14 3.30 5.02 
   C2-Chrysenes ND 38.54 2.03 ND 
   C3-Chrysenes ND ND ND ND 
   C4-Chrysenes ND ND ND ND 
Benzo(b)fluoranthene 4.25 8.72 15.77 11.71 
Benzo(k)fluoranthene ND ND 3.71 3.71 
Benzo(e)pyrene ND 35.44 13.39 5.27 
Benzo(a)pyrene ND ND ND 1.60 
Indeno(1,2,3-c,d)pyrene ND ND 6.18 3.28 
Dibenzo(a,h)anthracene ND ND ND ND 
Benzo(g,h,i)perylene ND ND 4.47 3.28 
 
 
Blanks (extracted combusted Ottawa sand) showed some contamination, especially for 
C1-naphthalenes, biphenyl and phenanthrene.  In one case, naphthalene was 37.91 ng/g, 
which was the highest concentration detected of all the PAHs in any blank (Table 5).  
This is considered an isolated instance, and most likely due to being injected immediately 
after a concentrated sample or calibration verification standard, which may leave residue 
























(ng/g) (ng/g) (ng/g) (ng/g) (ng/g) (ng/g)
Naphthalene ND ND ND 37.91 ND ND
   C1-Naphthalenes 5.62 6.31 ND 6.32 9.39 11.61
   C2-Naphthalenes ND ND ND ND ND ND
   C3-Naphthalenes ND ND ND ND ND ND
   C4-Naphthalenes ND ND ND ND ND ND
Biphenyl 10.12 ND ND 8.84 8.05 8.13
Acenaphthylene ND ND ND ND ND ND
Acenaphthene ND ND ND ND ND ND
Fluorene ND ND ND ND ND ND
   C1-Fluorenes 11.90 11.33 ND ND 10.54 ND
   C2-Fluorenes 17.47 27.69 ND ND ND ND
   C3-Fluorenes ND ND ND ND ND ND
Phenanthrene 7.87 11.57 ND 10.11 6.71 ND
Anthracene ND ND ND ND ND ND
   C1-Phenanthrenes/Anthracenes ND ND ND ND ND ND
   C2-Phenanthrenes/Anthracenes ND ND ND ND ND ND
   C3-Phenanthrenes/Anthracenes ND ND ND ND ND ND
   C4-Phenanthrenes/Anthracenes ND ND ND ND ND ND
Dibenzothiophene ND ND ND ND ND ND
   C1-Dibenzothiophenes ND ND ND ND ND ND
   C2-Dibenzothiophenes ND ND ND ND ND ND
   C3-Dibenzothiophenes ND ND ND ND ND ND
Fluoranthene ND ND ND ND 2.32 ND
Pyrene ND ND ND ND 3.35 ND
   C1-Fluoranthenes/Pyrenes ND ND ND ND ND ND
   C2-Fluoranthenes/Pyrenes ND ND ND ND ND ND
   C3-Fluoranthenes/Pyrenes ND ND ND ND ND ND
Benz(a)anthracene ND ND ND ND ND ND
Chrysene ND ND ND ND ND ND
   C1-Chrysenes ND ND ND ND ND ND
   C2-Chrysenes ND ND ND ND ND ND
   C3-Chrysenes ND ND ND ND ND ND
   C4-Chrysenes ND ND ND ND ND ND
Benzo(b)fluoranthene ND ND ND ND ND ND
Benzo(k)fluoranthene ND ND ND ND ND ND
Benzo(e)pyrene ND ND ND ND ND ND
Benzo(a)pyrene ND ND ND ND ND ND
Indeno(1,2,3-c,d)pyrene ND ND ND ND ND ND
Dibenzo(a,h)anthracene ND ND ND ND ND ND
Benzo(g,h,i)perylene ND ND ND ND ND ND
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3.4 Spatial Modeling 
3.4.1 Spatial Analysis of δ13Corganic 
Initially, scatter plots of δ13Corganic versus latitude, longitude, and water depth displayed a 
strong effect of longitude and no apparent trend in latitude for data from stations sampled 
in 2010 and 2011 (Fig. 27 and 28).  
 
Figure 27: Scatter plot of δ13Corganicagainst longitude for 2010 stations.  Red points denote 






Figure 28: Scatter plot of δ13Corganicagainst longitude for 2011 stations.  Red points 
denote outliers.  Dashed line indicates longitude of Macondo well. 
 
The first model selected to represent the data (for 2010 and 2011) using AIC only 
considered a quadratic trend in longitude on δ13Corganic: 
𝜇𝛿13𝐶 =  𝛽0  +  𝛽1𝑋𝐿𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑒 + 𝛽2𝑋2 𝐿𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑒 
whereXLongitude is the mean centered longitude, (XLongitude =  -88.51 + Longitude of an 
individual station), 𝜇𝛿13𝐶 is the expected level of δ13Corganicat longitude XLongitude, 
β0represents the value of δ13Corganicat the mean longitude of the full data (Longitude =  -
88.51 or XLongtitude = 0), and β1 and β2 represent the linear and quadratic trends of 𝜇𝛿13𝐶in 
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longitude.  AIC suggested that neither latitude nor water depth improved the fit of the 
model, especially since water depth was highly correlative with latitude and longitude.  
Two stations (GIP 6 and L), the two western most data points, were clearly influencing 
the data to behave quadratically with longitude (GIP 6 for both years; GIP L only for 
2011).  Removing these sites allowed the effect in longitude to become linear.  After 
removing these data points, a linear model was chosen instead to represent the data: 
𝜇𝛿13𝐶 =  𝛽0  +  𝛽1𝑋𝐿𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑒 
whereXLongitude, 𝜇𝛿13𝐶, and β0are the same as above, and β1is the linear coefficient, which 
represents the expected change in δ13Corganicfor a one unit increase in longitude.   
The predicted δ13Corganic (𝜇𝛿13𝐶)value sare lower in 2010 than in 2011, and the predicted 
change in mean δ13Corganic, as a function of longitude, was similar between years.  
ANOVA testing confirmed that the 2010 and 2011 models were different (p = 0.002), 
which allows for individual slopes and intercepts for both years: 
𝜇𝛿13𝐶 =  𝛽0,𝑦  +  𝛽1,𝑦𝑋𝐿𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑒 
whereβ0,yrepresents the expected value of δ13Corganic in year y, and β1,yrepresents the 
expected change of δ13Corganicfor one unit longitude in year y.   
Overall, spatial analysis of δ13Corganicindicated that changes in longitude best described 
the changes in δ13Corganic.  Also, the distribution of δ13Corganicwith longitude in 2010 and 
2011 were found to be different (through ANOVA),with the predicted levels of 
δ13Corganicbeing more depleted in 2010 (Fig. 29), allowing for individual slopes and 
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intercepts for each year.  The effect of longitude on δ13Corganic was similar in 2010 and 
2011.   
 
Figure 29: Predicted values of δ13Corganicplotted versus longitude.  Thick lines indicate the 
predicted slopes and dashed lines indicate 95 %confidence intervals. Red dots indicate 
2010 observed values, and black dots indicate 2011 observed values.  Vertical dashed 
line indicates longitude of Macondo well.  (Intercept 2010, β0,2010 = -22.073 [std. error = 
0.138], slope 2010,β1,2010 =  3.296 [std. error = 0.611]; Intercept 2011, β0,2011 = -21.504 
[std. error = 0.089], Slope 2011, β1,2011 = 2.076 [std. error = 0.375]; R22010 value =  
0.7106; Adjusted R22010  = 0.6745; R22011 = 0.6283; Adjusted R22011 = 0.6114; Residual Std. 





3.4.2 Spatial Analysis of TPAH 
Despite general trends displayed by TPAH bubble plots in Figures 10 and 11, scatter 
plots of log(TPAH) vs. latitude and longitude did not display any obvious effects of 





Figure 30: log(TPAH) against (a) latitude for 2010 and (b) longitude for 2010.  Red dots 
indicate influential stations in the full 2011 model.  Dashed lines indicate latitude or 




Figure 31: log(TPAH) against (a) latitude and (b) longitude.  Red dots indicate influential 





For 2010, the most appropriate model is simply an intercept (which means that the data 
could not be adequately represented by a linear or quadratic relationship), representing 
the mean of log(TPAH) in that year. 
Four points were highly influencing the 2011 results, namely stations GIP 6, 11, 23 and 
25, because they were affected the significance of the coefficients for latitude and 
longitude.  Unfortunately, since these four points represent about 25 %, it becomes 
problematic to remove them from the model.  Removing GIP 6 (the western most data 
point and the same point removed in the δ13Corganicanalysis) resulted in an intercept model 
as the best model for 2011, similar to the 2010 model.  The final model becomes: 
𝜇log (𝑇𝑃𝐴𝐻) =  𝛽0,𝑦   
where 𝛽0,𝑦  is the expected value of log (TPAH) in year y. ANOVA could not be 
performed on the difference of log (TPAH) between 2010 and 2011 because assumptions 
of the test were violated (i.e., the data of log(TPAH) are not normally distributed and the 
observations are not independent due to spatial correlation).  There are too few data 
points to conclude whether these violations are legitimate.   
Overall, no trends were apparent in describing the TPAH distribution spatially.  There are 




4.1 Deviations in the Background Signature of POC, OC:N ratios, δ13Corganic,TPAH, 
and Diagnostic Molecular Ratios 
4. 1.1 Bulk Data 
The discussion below only refers to 0-1 cm interval data. 
POC, OC:N ratios, and δ13Corganic for the 0-1 cm data all deviate from a characteristic 
background signature in northern GOMx surficial sediments in 2010 and 2011. In 2010, 
even the low end of the range of POC (1.55-2.22 wt. %) exceeded values observed by 
Kennicutt et al. (1996) in surficial sediment samples taken radially around drilling 
platforms in the northern GOMx (0.19-1.42 wt. %), by Meyers (1994) in surficial 
sediments taken from the oxic Pygmy Basin located south of the Mississippi Canyon 
(0.5-1.0 wt.%), and by Waterson and Canuel (2008) in GOMx continental slope and 
canyon sediments (1.1-1.5 wt. %).  In 2011, the range dropped to 0.55-2.06 wt.%, but the 
meanand median, 1.41 wt.%, were on the highest end of values observed by previous 
investigators.  A significant amount of organic carbon that occurs on river dominated 
continental margins, like the northern GOMx, is often derived from terrigenous sources 
(Waterson and Canuel, 2008; Hedges and Keil, 1995), characterized by temporal 
variations in supply and mixing (e.g., seasonal and sporadic events such as storms or 
coastal erosion), and diagnetic processes (e.g., organic matter remineralization) 
(Waterson and Canuel, 2008).  As such, the use of POC alone is insufficientin terms of 
understanding the influence of petroleum hydrocarbons on marine sediments.  Without 
grain size data, sediment accumulation rates, and oxygen abundances, it is difficult to 
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discern the factors that may change the supply of organic carbon relative to the historical 
supply at a particular station.   
OC:N ratios and δ13Corganic provide more information regarding deviations from a 
background signature, since these measurements involve a source specific component. 
All of the OC:N ratiovalues for surficial sediments (0-1 cm interval) in 2010 and 2011 
were within the 4-10 range consistent with marine organic matter (Mitra et al., 2002; 
Hedges and Keil, 1995; Meyers, 1994) except for those at stations GIP 2, 4, 6 and 13 in 
2010, and GIP H in 2011, which were all higher.  Possible explanations for the higher 
values include the mixing of marine organic matter with terrigenous organic matter from 
the coast, an imprint of the Macondo oil signature, or an imprint of other hydrocarbons.  
Considering the location of the elevated stations, it is possible that terrigenous organic 
matter influenced the OC:N signatures, as these locations include both continental shelf 
stations (GIP 2, 4), and one station within the Mississippi Canyon (GIP 6).  According to 
Waterson and Canuel (2008), background OC:N ratios of continental shelf, canyon, and 
continental slope sediments averaged 10, with the highest value being 11.  On average, 
the shelf, canyon, and slope sediments were estimated to be comprised of 40 %, 29 %, 
and 33 % allochthonous organic carbon, respectively (i.e., terrestrially derived organic 
matter, or organic matter from the high productivity Mississippi River sediment plume).  
Even if terrigenous organic matter is being admixed with marine organic matter on 
continental shelf, slope and canyon stations, many OC:N ratios observed at stations in 
2010 exceed those of Waterson and Canuel (2008), and abruptly decreased the following 
year.   
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OC:N values had no apparent trends with Total Petroleum Hydrocarbons (TPH; only 
available for 2010) or TPAH concentrations, which is surprising in the case of TPH but to 
be expected for TPAH.  TPH contributed between 0.05 and 4.04 % of the total organic 
carbon in 2010, but TPAH only contributed between 0.001 and 0.034 % of the total 
organic fraction of the sediments in the same year.  To test the hypothesis whether the 
TPH is contributing the highest OC:N ratios, the stations need to be considered 
individually.  The stations with the highest TPH concentrations were notthe same stations 
with the highest OC:N ratios, or POC concentrations.  However, the lack of correlation 
between TPH concentrations, or TPAH concentrations to a lesser extent, and OC:N does 
not eliminatethe possibility that background OC:N ratios are being influenced by 
hydrocarbons from either Macondo oil or other oils (i.e., oil seeps).   
The δ13Corganicsignatures of both 2010 and 2011 surficial sediments (0-1 cm interval) also 
fall within a reasonable range of values for marine organic matter (especially when 
coupled with OC:N ratios (Figs. 6a,b)), but to determine whether the δ13Corganic are 
deviated from the background signature, the values should be compared against the 
canonical means compiled by Rosenheim et al. (2013) for sediments from similar 
depositional environments.   
All of the 2010 and 2011 δ13Corganic values were depleted relative to this canonical mean 
(Δδ13Corganic), and depletion ranged between 0.37 and 2.97 ‰ in 2010, and between 0.35 
and 2.26 ‰ in 2011.  It should be noted that these canonical means are averages that 
inherently mute significant carbon  isotope excursions.  Since, however, the canonical 
means are based on large number of measurements (n = 368) compiled over nearly half a 
century, it is significant that the observed values at all individual stations in this study 
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were depleted relative to this background signature.  Not only are the values deviated, but 
they are depleted relative to the Rosenheim (2013) data, which is consistent with 
hydrocarbon pollution (due to mixing with the relatively depleted Macondo oil -27.3 ‰ + 
0.34 vs. PDB measured by Graham et al., 2010).   
Considering again the relative percentages of TPH comprising the organic fraction of the 
sediment, it is not out of the question that the bulk δ13Corganic signature would be 
significantly impacted from a mixing perspective.  Given the δ13Coil  of Macondo oil, and 
considering the TPH concentrations relative to the total sedimentary organic carbon, we 
can estimate what the isotope effect would be by multiplying the fraction of oil, F, by the 
isotope composition of the oil: 
𝐼𝑠𝑜𝑡𝑜𝑝𝑒 𝐸𝑓𝑓𝑒𝑐𝑡 𝑜𝑓 𝑂𝑖𝑙 = 𝛿13𝐶𝑜𝑖𝑙 ∗ 𝐹𝑜𝑖𝑙 
The range of isotope effects predicted based off the concentrations of TPH (normalized to 
POC) is a depletion between 0.01 and -1.13 ‰ for 2010 samples.  Therefore, based on 
the differences with respect to the canonical mean, and the predicted isotope effects, it is 
plausible that this amount of hydrocarbons would have an impact on the δ13Corganic 
background signature.  On the other hand, using the TPAH concentrations alone to assess 
the influence of hydrocarbons on the δ13Corganicsignature only accounts for a negligible 
percentage of the petroleum (parts per billion, which yields a predicted range of isotope 
effects from -0.0007 to 0.0089 ‰ using δ13Caromatic =  -26.50 ‰ [Reddy et al., 2011]).  
Caution should be used when correlating TPAH concentrations and δ13Corganicsince PAHs, 
which have a recalcitrant nature, could be mistaken for oil spill contamination.  Using 
TPH is a more reliable index for relating δ13Corganicand hydrocarbons. 
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Collectively, the e elevated POC concentrations and OC:N ratios, and depleted 
δ13Corganic values measured in 2010 and 2011 suggest a potential petrogenic input (i.e., 
hydrocarbons).  It is acknowledged that isotopically depleted terrigenous organic matter 
may be playing a role in these observations, but this can only be verified through the 
analysis of molecule specific biomarkers.  Furthermore, even if terrestrially-derived 
organic matter is being supplied to locations far off-shore, the adsorbed contaminants 
(i.e., PAHs) of present concern would only contribute a negligible effect in terms of bulk 
sediment measurements if the source is, in fact, on-shore (based off isotopic mass balance 
and normalization of TPAHs to total POC).  This means that our observations of elevated 
POC, OC:N ratios, and depleted δ13Corganiccan only be achieved through the depositionof 
a large volume of isotopically-depleted organic carbon.  
4. 1. 2 Polycyclic Aromatic Hydrocarbons 
Every station in 2010 with the exception of GIP 25, and every station in 2011 with the 
exception of GIP 2, 23, L and F, had TPAH concentrations in the surficial sediments (0-1 
cm interval) that exceeded the regional background value of 140 ng/g published by Wade 
et al. (2008).  Generally, the 2010 values were more greatly elevated with respect to 
thebackground value as compared to the 2011 measurements.  The 2011 average is 
positively skewed by GIP 13, which had a TPAH concentrationof 16,582.77 ng/g .If GIP 
13 is removed in the data set for 2011, the average TPAH concentration drops to 232.49 
ng/g, which is only 133 ng/g higher than the regional Wade et al. (2008) value.   
The four stations with the highest TPAH concentrations in 2010 (GIP 15,16, 17, and 20;  
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Fig. 8) have values that are an order of magnitude higher than background concentrations 
are all located< 20 km from the Macondo well.  The stations with the highest positive 
deviation from the TPAH background in 2011 were located much farther away from the 
well, between 20 and 145 km (GIP 4, 6, 13 and 25; Fig. 4).  Although PAHs comprise 
just a small fraction of the organic carbon in the sediments, these results corroborate the 
bulk data in that sediments were more impacted in October 2010, and still generally 
remain above the literature-based background threshold (Wade et al., 2008) in the 
following year.   
While comparisons to previous investigations on the distribution of individual organic 
molecules in sediments can be made, it is not feasible to assign a generalized 
characteristic background molecular distribution to northern GOMx marine sediments 
due to factors including the natural variability associated with the source inputs (e.g., 
Mississippi River seasonal variations [Turner et al., 2003], proximity to oil seeps and 
drilling platforms [Kennicutt et al., 1996], storm events and associated coastal erosion 
[Mitra et al.,2009]), the depositional setting (e.g.,a different consortium of hydrocarbon 
degrading micro-organisms [Wang et al., 2011]), or the level of physical and biological 
mixing that preferentially removes certain PAHs [Arzayus et al., 2002]).  However, 
molecule-specific data does support the notion that petrogenic sources are dominantly 
responsible for the elevation in PAHs in both years, and may provide additional evidence 
that the anomalies observed in the bulk data are due to hydrocarbon contamination.   
The first evidence for a dominantly petrogenic source is the abundance of 2-3 ring PAHs 
relative to 4-6 ring PAHs in both sampled years, as lower molecular weight PAHs are 
characteristic of crude oils.  In fact, the PAH fraction of the Macondo oil is comprised of 
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93 % 2-3 ring compounds.  Stations GIP 16, 17, and 24 in 2010, and GIP 17 in 2011,were 
the only stations that contained more 4-6 ring PAHs than 2-3 ring PAHs.  Although 
stations GIP 16, 17 and 24 were enriched in 4-6 ring PAHs, these PAHs were all 
dominated by alkylated chrysenes, which are often associated with low-temperature 
petrogenic materials.  In fact, all of these locations (including GIP 17 in both years) were 
characterized by having C2-chrysenes as the most abundant molecular type.  Liu et 
al.(2012) also documented an enrichment of C2-chrysenes in continental slope sediments 
and oil mousse that were attributed to the Macondo oil spill.  Additionally, the sum of 
alkylated PAHs (also characteristic of petrogenic source materials) for all molecule 
groups were always higher than the sum of their parent molecules for all stations in both 
years, except for stations GIP 4 and 25 in 2011, which were particularly enriched in 
parent phenanthrene and anthracene (which occur commonly in both petrogenic and 
pyrogenic materials).  Previous investigations have noted mixed PAH sources in northern 
GOMx sediments,but most PAHs were dominantly associated with pyrogenic source 
materials (i.e., fluoranthene, pyrene and benzo[a]pyrene; Turner et al., 2003; Mitra et al., 
2002), which was not the case here.  On the other hand, Wang et al. (2011) and Turner et 
al.,(2003) noted significant petrogenic PAHs (alkylated low-molelcular weight PAHs 
accompanied by a high concentration in hopanes).  The alkylated PAHs and hopane 
assemblage was attributed to oil seeps and/or exploration activities, leaving open the 
possibility that some PAHs observed in this study could be associated with other 
petrogenic sources besides Macondo oil.  Nonetheless, no apparent trends between 
TPAHs and POC concentrations were identified, which is a trend that has been associated 
with oil seeps (Wang et al., 2011; Kennicutt et al., 1988; Andersen et al., 1983).  The 
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consistency of the most common PAHs among all stations in both years suggests that the 
Macondo oil is the dominant source of PAHs.  Alkylated naphthalenes were the most 
common PAH detected in 2010, which is consistent with the most common PAH in the 
Macondo oil, while parent phenanthrene was the most common PAH detected in 2011, 
which suggests an alteration of PAH signatures.  These results are in agreement with 
observations made by Liu et al. (2012), who found high phenanthrene concentrations in 
continental slope sediments collected in 2011.  
Despite the strong evidence provided by POC concentrations, OC:N ratios, δ13Corganic, 
TPAH concentrations, and individual molecular data, diagnostic PAH molecular ratios 
showed mixed results. Unlike the other measurements in this study, the 
phenanthrene/anthracene (Fig. 18) and anthracene/178 (Fig. 19) ratios generally showed 
2010 stations as having a more petrogenic PAH signature than those from 2011, but 
overall, most stations in all 3 sediment horizons in both years exhibited mostly pyrogenic 
signatures.  The C0phen+anth/(C0+C1phen+anth) ratio (Fig. 20), a slightly better source 
delineator, also generally exhibited pyrogenic signatures for both years.  The uncertainty 
in the phenanthrene/anthracene and anthracene/178 ratios can be attributed to the 
negligible differences in thermodynamic and environmental stability,based on strikingly 
similar heat of formation (Hf) values of the two isomers (Yunker et al., 2002).  Of the 
mass 178 ratios, the C0 phen+anth/(C0+C1phen+anth) ratio is more reliable as it accounts 
for alkylated phenanthrenes and anthracenes which are most often associated with low-
temperature petrogenic materials (Yunker et al.,2002).     
The fluoranthene and pyrene ratios, which have better source discrimination capacity 
than the mass 178 ratios of phenanthrene/anthracene and anthracene/178 (Yunker et al., 
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2000;2002) suggest that those sediments sampled in 2010 were much more impacted by 
petrogenic source materials, than those sampled in 2011, similar to the bulk data results 
(see section 4.2.3).  Stations GIP 20 and 25 (0-1 cm interval) plotted in the combustion 
range for 2010 and 2011, but both plotted in the petrogenic range for 
benz[a]anthracene/benz[a]anthracene+chrysene (baA/228; Fig. 23). Interestingly, values 
for baA/228 in shelf sediments at the mouth of the Mississippi River all had baA/228 
values between 0.2 and 0.4 (Mitra et al., 2009), falling into the mixed source or 
combustion range.  My results clearly show that many stations sampled in 2010 have 
values below 0.2, which is consistent with petroleum contamination.  Also, all of the 
intervals containing baA/228 petrogenic signatures occur in the surficial sediment (0-
1cm), except for station GIP 15, wherethey occurred in both the 0-1 cm and 1-2 cm 
intervals.   
Among the three ratios, C0phen+anth/(C0+C1phen+anth), Fl/Fl+Py, and BaA/228, GIP 
15, 17, and 18 were the only 2010 stations that consistently plotted within the petrogenic 
window (Figs. 17, 19, and 20).  In 2011, GIP 13 was the only station that plotted 
consistently within the petrogenic window.  The commonality in all of these stations is 
that they are among the stations with the highest TPAH concentrations in their respective 
years. Potential reasons why these stations (and not others) are the only locations that 
appear dominantly petrogenic are thata concentration bias may exist in the utility of these 
particular molecular ratios (Wang et al.[2008]noted this observation in mass 178 
ratios),that weathering and biodegradation has altered the signatures, or that these sites 
are the only sites that are truly petrogenic in nature. Due to the possibility that 
preferential degradation of particular compounds has occurred, and the timing of 
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sampling in both years (leaving ample time for degradation processes to alter the 
signature, particularly for the 2011 data set), it is likely that more stations are in fact 
associated with the oil spill and are petrogenic in nature.  This is supported by the robust 
"pyrogenic index" ratio, which generally displays a dominantly petrogenic signature in 
both years at most stations (Fig. 24).  The pyrogenic index also provides additional 
evidence that a concentration bias impacts the utility of molecular ratios, as the values 
that had a pyrogenic index most similar to the Macondo oil in either year were also the 
stations with the highest TPAHconcentrations (e.g., GIP 15 [pyrogenic index = 0.06] in 
2010 and GIP 13 in 2011 [pyrogenic index = 0.05]). 
4.2 Evidence for Biodegradation and Weathering: Shifts in POC, OC:N ratios, 
δ13Corganic, TPAH, and Diagnostic Molecular Ratios from 2010 to 2011 
In addition to comparing how the DWH event has altered the background signature in 
northern GoMx sediments, temporal sampling has allowed for perspective on the 
evolution of the Macondo oil signature over the course of a year.  This provides 
potentially some of the first insights into weathering, biodegradation and transport 
mechanisms of spilled oil in a deep water oil spill.  Not only can we see if and how the 
distribution of PAHs change over the course of one year, we can also learn more on the 
utility of molecular ratios in situations similar to the DWH event. 
4.2.1 Bulk Data 
Between 2010 and 2011, the POC concentrations decreased at every station, by an 
average of 0.55 %, and by as much as 1.17 %.  While we do not have the 2010 data to 
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compare down-core POC concentrations, decreases in POC of this magnitude have 
previously been documented in northern GOMx sediments over longer time-scales, on 
the order of thousands of years (i.e., 5,000 years; Meyers, 1994).  According to a model 
supported by empirical data that accounts for the most important factors for the 
preservation of organic carbon in marine sediments (sedimentation rate, porosity, bulk 
density and primary production rate), organic carbon content is directly proportional to 
sedimentation rate (Müller and Suess, 1979).  While holding all other variables constant, 
a 10 fold increase in sedimentation rate would be consistent with a doubling in organic 
carbonpreservation, while a 10 fold decrease in sedimentation rate would be consistent 
with cutting the organic carbon preservation in half (Müller and Suess, 1979).  Based on 
radionuclide inventories (239,240Pu, 210Pb and 234Th), seafloor locations at water depths 
of>1,000 m (all stations herein exceed this depth except GIP 2, 4, and 6) in the northern 
GOMx have constant sedimentation rates of approximately 0.08 cm/year (Yeager et al., 
2004).  Based on the model from Müller and Suess (1979), the sedimentation rate would 
be have to be reduced to 0.008 cm/year to result in the shift in POC concentrations 
observed between 2010 and 2011.  This observation does not consider the effects of 
bottom slope or lateral transport, which may affect sediment transport to locations of 
relatively low bathymetry relief.  Grain size is also an important factor that controls 
organic carbon preservation (Blair and Aller, 2012).  Grain size data are not yet available, 
but will assist in interpreting the observed dramatic shift over the course of the year. The 
POC data available suggest that a pulse of organic carbon was delivered to the seafloor in 
2010 (i.e., DWH oil spill) and during one year's time, rapid removal and/or transport 
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processes have taken place.  Source specific bulk data and hydrocarbon data will assist in 
determining which processes have occurred.   
If sedimentation rates at water depths of >1,000 m are, in fact, fairly constant over long 
time scales (centennial to millennial), a dramatic shift in organic matter source including 
OC:N and δ13Corganic, over the course of one year would not be expected.  The OC:N 
ratios also dropped at every station (except GIP 25) between 2010 and 2011, by a range 
of 0.61 to 7.38 and an average of 2.4.  Interestingly, the highest shifts in OC:N occurred 
at the shallowest site (GIP 2), which would be more susceptible to influencefrom changes 
interrigenous organic matter fluxes, and GIP 13, which had the highest TPAH 
concentration in 2011 (suggesting it would be accompanied by higher organic carbon).   
Meyers (1994) pointed out that OC:N ratios in marine sediments can be altered during 
early diagenesis, but that similar to POC concentrations, significant shifts of OC:N in 
northern GOMx sediments typically occur over thousands of years.  Moreover, Meyers 
(1994) show that the last time the northern GOMx has recorded shifts OC:N ratios of this 
magnitude were 10,000 to 25,000 years ago during glacial induced sea level fluctuations, 
where terrigenous organic matter sources prevailed during lowstands, and were gradually 
replaced by marine organic matter sources as sea level rose.  Joyce et al. (1985) also 
noted a similar observation in OC:Nratios over geologic time scales.  In this case, a 
change in OC:N of only 1.3 (average) occurred in Late Quaternary GOMx sediments as a 
result of sea level  fluctuations before and after the late Wisconsian glacial stage, 
including recently deposited sediments.  Furthermore, cores taken of recent sediments 
near the mouth of the Mississippi River, from areas that are sensitive to small changes in 
terrigenous organic matter, showed downcore changes in OC:N of a maximum of 1.4 
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(Mitra et al., 2009).  The cores taken in this study were acquired after two major 
hurricanes (Katrina and Rita), which have the ability to resuspend sediments and cause 
coastal erosion, impacting the bulk sediment properties of otherwise fairly homogenous 
sediments (Mitra et al., 2009).  Based onthe results of this study, the shift in OC:N is 
additional evidence for the rapid removal or transport of a nitrogen-poor and organic 
carbon rich hydrocarbon source. 
δ13Corganic data also supports the notion that degradation processes have affected the 
isotopic signature of the spilled Macondo.  From 2010 to 2011, δ13Corganic became more 
enriched at every station, except GIP 17, which became more depleted in 2011.  
Furthermore, statistical modeling shows that predicted values of δ13Corganic in 2010 are 
lower than in 2011, based on the following relationship: 
𝜇𝛿13𝐶 =  𝛽0,𝑦  +  𝛽1,𝑦𝑋𝐿𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑒 
where β0,y  represents the expected value of δ13Corganic in year y, and β1,y  represents the 
expected change of δ13Corganic for one unit longitude in year y.  Additionally, ANOVA 
testing confirmed that the 2010 and 2011 models were statistically different (p = 0.002).  
This is important because it verifies that the observations made in each year are 
independent observations and each year can be treated as separate time events (allows for 
unique slopes and intercepts for each year).   
Enrichment in δ13Corganic was not associated with a decrease in TPAH concentrations, but 
is thought to have occurred due to an overall decrease in TPH concentrations.  TPH 
concentration data are not available for 2011, so this cannot be tested.  In contrast, 
Rosenheim et al. (2013) were able to correlate TPAH concentrations to deviations in 
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δ13Corganic from a canonical mean.  Again, TPAH only comprise an average of 0.002 wt. 
% of the organic portion of the sediment, so isotopic shifts due to TPAH alone would not 
be expected.  The statistical difference between the distributions of δ13Corganic is further 
proof that an isotopically light hydrocarbon signature was mixed into the surficial 
sediments (0-1 cm) in 2010, and diminished in 2011.  Microbial degradation has been 
shown to not alter the δ13Csignatures of hydrocarbons themselves (Mazeas et al., 2002), 
but a change in the bulk δ13Corganic signature could be due to an overall decrease in the 
relative proportions of hydrocarbons and background sediment. Thus, the shift to more 
enriched δ13Corganic values could be caused by dilution of hydrocarbon-contaminated 
sediments by normal pelagic and hemipelagic sedimentation, diffusion of oil, or 
weathering of oil, which would all lead to a δ13Corganic value in 2011 that is closer to the 
background for northern GOMx sediments.  Additionally, if oil seeps are important 
contributors of hydrocarbons to these sediments, δ13Corganic enrichment over time would 
not make sense, as seeps would provide a more consistent source of isotopically depleted 
hydrocarbons at a particular location.   
It is not likely that the one location that experienced depletion between 2010 and 2011, 
GIP 17, is associated with an oil seep, as it has been shown that sediments collected on 
the seafloor above oil seeps have very similar bulk carbon isotopic compositions to that 
of the isotopically light reservoir oil below (Kennicutt et al., 1988; Wang et al., 2001; 
MacDonald et al., 1989).  Changes in δ13Corganic due to sediment dilution could be 
estimated with radionuclide and grain size data, which are not yet available.   
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4.2.2 Polycyclic Aromatic Hydrocarbons 
PAHs, which are considered one of the more recalcitrant classes of hydrocarbons and 
environmental contaminants, significantly dropped in overall concentrations in surficial 
sediments (0-1 cm) from 2010 to 2011 at most stations, except GIP 13 and GIP 25, the 
former of which had the highest TPAH concentrations in this study (16,582.77 ng/g dry 
weight), and the latter which had the lowest TPAH concentration in 2010. The decrease 
in TPAH concentration among most of the stations suggests that degradation and/or 
transport processes are affecting the spatial and temporal distribution of Macondo oil on 
the seafloor.   
Some investigators have credited microbial degradation as the dominant sink for PAHs in 
marine settings deeper than the photic zone (Abrajano et al., 2007; Gibson and 
Subramanian, 1984.  While the most rapid PAH degradation occurs at the sediment/water 
interface (Abrajano et al., 2007), many factors play into the preferential removal of 
individual PAH compounds, including temperature, salinity, oxygen levels, molecular 
shape, species of organism (either bacteria or fungi), nutrient availability, the suite of 
PAHs present, their solubility, their partitioning coefficients, and the material available 
for adsorption (Abrajano et al., 2007; Coates et al., 1997; Lei et al., 2007; McNally et al., 
1999;Bauer and Capone, 1988; Heitkamp and Cerniglia, 1989).  Also, most 
biodegradation experimentsare performed in laboratory settings (e.g., Lei et al., 2007; 
McNally et al., 1999), which are not fully representative of complex, natural 
environments.   
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Generally speaking, the observations discussed in the previous section suggest that post 
oil spill sediments are consistently enriched in dominantly low molecular weight PAHs, 
and contain more alkylated PAHs than their parent molecules, which indicates that a 
petrogenic signature a year later.  If this is true, it would be expected that weathering 
and/or biodegradation has altered the signature through the preferential removal of 
particular hydrocarbons.  This can be investigated by looking at modifications to the 
distribution of the naphthalene homologue series, as it is the most common PAH class in 
the Macondo oil, the most abundant PAH class in 2010 sediment extracts, and also the 
most sensitive class of PAHs to biodegradation.  Stations GIP 2, 4, 6, 11, 13, 15, 16, and 
23 all display characteristics of a signature consistent with biodegradation in 2011 (0-1 
cm).  Specifically, these stations all exhibit a maxima (concentration) at C1-naphthalenes 
(the most abundant PAH in 2010 samples) in 2010, and shift to a maxima of higher 
molecular weight homologue in 2011.  Microorganisms have been shown to 
preferentially degrade parent naphthalene first, followed by a progression through higher 
molecular weight homologues (Wang and Fingas, 1997; Michel and Hayes, 1999; 
Wardlaw et al., 2011; Bayona et al., 1986).  However, solubility also governs PAH 
distributions similarly and could potentially be affecting the distribution of different 
homologues.  Since most of these stations are found in fairly stable depositional 
environments (without rapidly changing geochemical conditions; e.g., temperature, 
pressure or salinity), it would not be expected that solubility would be affecting this 
pattern over the course of a year, as the conditions would be similar.  If the conditions 
were varied, this could allow low molecular weight PAHs (e.g., naphthalenes) to become 
more soluble over time.  The partitioning behavior could also be responsible for this 
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distribution, as the more linear shaped parent compounds have a higher sorption capacity 
(Cornelissen, 2004).  Stations GIP 16, 17, 18, and 25, in contrast, shifted from higher 
homologues to lower homologues from 2010 to 2011, which would be consistent with the 
dilution or removal of a pyrogenic signature.  Station GIP 18 was one of only two 
stations that had pyrogenic index values in the combustion window in 2010 (Fig. 24).  
GIP 25 had the lowest concentration of TPAH in 2010, and one of the highest in 2011, so 
the naphthalene series may not be representing a time-series, but rather the deposition of 
new materials. This site also had an increase in every naphthalene homologue, which 
further indicates the deposition of petrogenic materials.  Although all of these stations, 
except GIP 25, experienced a pattern shift that was not consistent with biodegradation or 
weathering, the sheer drop in concentration for each PAH compound indicates that these 
processes are taking place and that new materials are not contributing a significant 
amount of PAHs. There is no clear pattern with location or water depth for the alkyl 
homologue distributions, which may be due to a lack of spatial resolution or due to the 
heterogeneity of the seafloor.  Overall, TPAH analysis suggests degradation, while alkyl 
homologue distributions suggest a mixed picture.   
Phenanthrene and Anthracenes and their alkyl homologues are less susceptible to 
biodegradation than naphthalene, and are the second most abundant PAH class in the 
Macondo oil.  Stations GIP  2, 4, 13, 15, 16, 17, 18, and 23 all had phenanthrene and 
anthracene series distributions similar to the Macondo oil in 2010, with a maxima of C2 
and C3 phenanthrene and anthracenes.  All of these locations, except for GIP 4 and 13, 
experienced a dramatic drop in concentration for all the compounds in the series, and 
typically exhibited losses of parent anthracene and alkyl molecules over parent 
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phenanthrene.  Stations GIP 4, 6, 13, and 25 all experienced a large increase in the 
concentration of nearly every homologue in the phenanthrene and anthracene series from 
2010 to 2011.  All of these sites, except GIP 13, had a pattern in 2011 that increased to 
higher homologues.  Given that GIP 4 and 16 initially had phenanthrene and anthracene 
series patterns similar to Macondo oil, and later experience an increase in concentration 
of lower molecular weight homologues (a linear decrease in alkyl homologues), suggests 
an overprint of a pyrogenic signature (i.e., a petrogenic signature was present in 2010, 
and a pyrogenic signature was superimposed the following year).  These locations (GIP 
4, 6, 13, and 25) also had naphthalene distributions that were indicative of biodegradation 
or weathering of a petrogenic signature in 2011.  As naphthalenes are relatively less 
common in pyrogenic materials, it further suggests that a petrogenic signature was 
present in 2010, and was overprinted by pyrogenic materials in 2011.  Station GIP 13 had 
a phenanthrene and anthracene series pattern that increases to higher homologues from 
2010 to 2011, which suggests an overprinting of a weathered petrogenic signature, very 
similar to what was observed for the naphthalene series at this location.  The weathered 
petrogenic signature could be due to lateral or gravity-driven sedimentation of 
contaminated sediments between sampling efforts, since this location is surrounded by 
topographic highs (making it susceptible to these sedimentation processes).  
Phenanthrene and anthracenes are generally much higher in concentration at GIP 13, as 
compared to naphthalenes.  This could be explained by the relatively stronger sorption 
capacity of 3-ring PAHs relative to 2-ring PAHs that may have been deposited after the 
2010 sampling (also explaining the increase in concentration; Abrajano et al., 2007).  
Similar to the naphthalene series, the phenanthrene and anthracene series at station GIP 
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25 experienced a dramatic increase in concentration between 2010 and 2011, but 
exhibited a linear decrease in alkyl homologues over that time period.  The trend 
contradicts the notion that petrogenic materials were later deposited at GIP 25.  Station 
GIP 25 could be characteristic of a mixed source signature in 2011, or the molecular 
classes could be following a unique pattern due to the many factors affecting 
biodegradation mentioned above.  A last explanation for the alkyl homologue distribution 
is that during the 2010 sampling, oil patchiness (i.e. an uneven distribution) could have 
caused a false negative at this station.   
Anthracene, was typically not detected at most stations.  This finding was initially 
surprising given that linear and condensed compounds, such as anthracene, have stronger 
sorption capacity than their angled isomers, which would preserve more anthracene in the 
sediments (Cornelissen et al., 2004). But, it later was recognized that anthracene occurs at 
a very low abundance relative to phenanthrene in the Macondo oil.   
Also similar to the naphthalene series, neither location nor water depth component that 
seems to be controlling the distribution of phenanthrene and anthracene and their alkyl 
homologues.    
Overall, alkyl homologues of the two most abundant PAH series (naphthalenes and 
phenanthrene/anthracenes) in the Macondo oil and sediment extracts indicate that many 
stations decrease dramatically in concentration over one year and/or exhibit a weathered 
or biodegraded petrogenic signature in 2011.  The 2011 results also suggest the potential 
for overprinting of signatures associated with the DWH event, most commonly being a 
pyrogenic signature overprinting a weathered petrogenic signature.  Since burning of oil 
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slicks were known to have occurred on the sea-surface, it is not unlikely that significant 
time was required for the sinking and lateral transport of the very fine PAH containing 
soot particles that would have been produced.   
The shift in signatures associated with the 178 and 202 molecular weight diagnostic 
ratios from 2010 to 2011 could also be explained through weathering or biodegradation.  
Also, as TPAH and TPH data clearly illustrates, 2010 sediments are contaminated with 
petroleum and the An/178 isomeric ratios indicate that the PAHs are dominantly 
pyrogenic in nature (Fig.19). This variation in source seems suspicious from a source 
delineating perspective, and can be attributed to the small difference in thermodynamic 
stability of these molecules (Yunker et al., 2002).  The only molecular ratios that should 
be considered for the shift in signature between 2010 and 2011 are the more robust C0 
phen+anth/(C0+C1phen+anth) ratio and the Fl/202 ratio.  
Unsurprisingly the C0 phen+anth/(C0+C1phen+anth) ratios illustrated very similar results 
to the patterns of each alkyl homologue (Fig. 20).  Stations GIP 13, 15, 16, 17, and 18 all 
had values that were petrogenic in 2010, and pyrogenic in 2011 (except GIP 13, which 
was petrogenic in both years).  The loss of alkyl homologues could be due to the source 
of these hydrocarbons.  Mazeas and Budzinski (2002) recognized that microorganisms 
will degrade pulses of petrogenic materials (even alkyl homologues) before they degrade 
PAHs native to the sediment, since these are strongly associated with particles.  Since 
2011 exhibits a dominance of C0 molecules in this series, rather than higher molecular 
weight alkyl homologues (C1-C4), the source of the C0 molecules could be derived from a 
different source (i.e., a pyrogenic source; tightly bound to soot and not bioavailable).   
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The Fl/202 ratio (Fig. 21)  illustrates a preferential loss of the kinetic isomer, 
fluoranthene, relative to the thermodynamic isomer, pyrene, between 2010 and 2011.  
Not only is pyrene more abundant in the Macondo oil relative to fluoranthene, but pyrene 
is also typically the less favored isomer under aerobic and anerobic degradation 
conditions.  This observation could be similar to the C0 phen+anth/(C0+C1phen+anth) 
ratio as foreign fluoranthene could be protected from degradation and that the pyrene 
associated with the Macondo oil was rapidly taken up.   
All of these interpretations can only be confirmed through the analysis of PAH 
metabolites or isomer-specific alkyl homologues.  Despite the many environmental 
variables that may be contributing to the signatures between 2010 and 2011, bulk 
sediment and hydrocarbon data all support that degradation, diffusion, or transport 
processes have occurred between the two years.  In agreement with previous work 
regarding the removal of PAHs on the seafloor, biodegradation appears to be a strong 
possibility (Abrajano et al., 2007; Gibson and Subramanian, 1984).  In addition, evidence 
for superimposingof a new or stronger PAH signature at select locations in 2011 through 
vertical settling or lateral transport are apparent (Abrajano et al., 2007).    
4.3 The spatial evolution of δ13Corganic and TPAH from 2010 to 2011 
A mid-water column, west-southwest trending hydrocarbon plume was well-documented 
following the DWH event (e.g.,Camilli et al. 2010;Reddy et al., 2011;Hazen et al., 2010; 
Wade et al., 2011).  While early work has focused on spatial trends in the distribution of 
hydrocarbons in the water column, and on recognizing spatial trends of hydrocarbons in 
sediments immediately following the oil spill (Liu et al., 2012), no studies have yet 
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investigated the evolution of the Macondo oil spatial fingerprint in seafloor sediments 
over time.   
Spatial modeling indicates a linear relationship of longitude and δ13Corganic (adjusted R2 = 
0.6798; Fig. 29) in 2010 and 2011 with no influence of latitude.  The relationship of 
longitude and δ13Corganic is stronger in 2010 than 2011, as given by the slope (3.296 in 
2010, versus 2.076 in 2011) and δ13Corganic  is generally more depleted in 2010 than in 
2011, as illustrated by the intercept (-22.073 in 2010, -21.504 in 2011).  Stations GIP 6 
and L were clear outliers in these data, and were removed for modeling purposes.  These 
two sites, located in the Mississippi Canyon, may be influenced by sediment focusing 
and/or lateral transport.   
The relationship between longitude and δ13Corganic is evidence that δ13Corganic signatures 
were controlled by a westward moving pulse of isotopically-depleted organic carbon, 
rather than by an on-shore terrigenous source, which would, alternatively,bemost 
correlative with latitude (Hedges and Keil, 1995).  Thi sis clearly seen in Figures 27 and 
28, which shows that locations east of the well contain organic carbon that is isotopically-
enriched, while locations west of the well contain isotopically-depleted organic carbon, 
consistent with the observed hydrocarbon plumes. 
TPAH concentration bubble plots indicated that stations near the Macondo well were the 
most impacted by TPAH in 2010, and that stations north and west of the well were most 
impacted by TPAH in 2011 (Fig. 10 and 11).  This finding is also consistent with 
westward trending oil plumes, but cannot be supported by statistical modeling.  The data 
herein did not meet the criteria for identifying a spatial relationship in TPAH distribution 
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because of the lack of spatial resolution.  Many investigators fail to report whether spatial 
trends can be statistically supported in the distribution of organic contaminants (e.g., Liu 
et al., 2012; Wade et al., 2008; Mitra et al., 2009; Rosenheim et al., 2013).  This 
emphasizes the importance of spatial resolution that is often times difficult to achieve due 
to sampling time and costs.  As literature continues to be published on the DWH event, it 
may be possible to combine data for subsequent statistical modeling in the future.   
In general, the δ13Corganic data supports previous findings that an azimuthal bias exists in 
the distribution of hydrocarbons following the DWH event.  δ13Corganic and longitude 
show a significant correlation in 2010 and 2011, while TPAH and spatial components are 
inconclusive.  Regardless, as stressed in previous sections, δ13Corganic may be a more 
robust proxy of understanding the spatial fingerprint of the Macondo oil spill than TPAH 










There is no doubt that the DWH event had significant environmental impacts, and was 
among the worst environmental disasters in history.  This study provides an additional 
perspective on assessing the magnitude and fate of the oil spill in northern GoMx seafloor 
sediments.  The significant findings of this study are: a) sediments in 2010 and 2011 both 
display a deviation from the background signature of GOMx seafloor sediments through 
the elevated POC concentrations, elevated OC:N ratios, depleted δ13Corganic, elevated 
TPAH concentrations, and a PAH signature dominated by petrogenic source materials, b) 
sediments collected 19 months after the DHW event display evidence of biodegraded and 
weathered oil, through decreased POC concentrations and OC:N, enriched δ13Corganic, 
values decreased TPAH concentrations, and alkyl homologue distributions characteristic 
of a biodegraded or weathered petrogenic source of PAHs, and c) physical processes that 
have preferentially distributed Macondo oil as shown through the strong relationship of 
δ13Corganic (in 2010 and 2011) with longitude, in accordance with previous investigators 
who have characterized a west, southwest trending subsurface hydrocarbon plume that 









6.1 Bulk Sediment Properties by Core 
GIP 2:  29° 45.368'N, 88° 35.071'W 
Water depth: 30 m 





























1 38.6 24.3 37.0% 4111.96 4069.69 42.27 14.03% 
2 34.4 20.1 41.6% 4189.90 4151.54 38.36 11.96% 
3 36.2 20.2 44.2% 4201.45 4164.92 36.53 11.48% 
4 30.6 13.8 54.9% 4126.19 4093.84 32.35 10.18% 
5 43.1 21.4 50.3% 4072.92 4040.54 32.38 9.99% 
6 30.1 16.4 45.5% 4182.17 4144.5 37.67 11.33% 
7 36.5 20.1 44.9% 4040.44 4007.10 33.34 10.53% 
8 42.9 15.1 64.8% 4057.03 4024.61 32.42 10.67% 
9 42.2 13.6 67.8% 4192.44 4147.00 45.44 14.58% 
10 35.3 15.7 55.5% 4054.89 3989.33 65.56 21.09% 
12 60.3 24.2 59.9% 4112.10 4080.48 31.62 8.97% 
14 64.4 26.6 58.7% 4199.67 4176.24 23.43 7.13% 
16 n/a n/a n/a n/a n/a n/a n/a 
18 n/a n/a n/a n/a n/a n/a n/a 







GIP 4:  28° 57.257'N, 88° 56.025'W 
Water depth: 130 m 






























1 30.7 19.4 36.8% 4032.97 3994.00 38.97 12.92% 
2 34.3 21 38.8% 4124.51 4080.20 44.31 13.32% 
3 32.3 19.4 39.9% 4155.63 4117.62 38.01 12.36% 
4 35.0 21.0 40.0% 4161.67 4124.18 37.49 12.60% 
5 33.9 19.8 41.6% 4196.26 4159.74 36.52 11.25% 
6 37 21.4 42.2% 4218.59 4182.34 36.25 10.92% 
7 43.5 24.6 43.4% 4154.06 4118.76 35.30 11.62% 
8 35.2 19.6 44.3% 4137.11 4100.21 36.90 11.40% 
9 39.9 22.4 43.9% 4064.76 4029.69 35.07 11.36% 
10 34.1 19.2 43.7% 4046.47 4008.28 38.19 12.73% 
12 60.3 34.5 42.8% 4060.21 4022.42 37.79 11.89% 
14 60.1 32.8 45.4% 4148.93 4113.00 35.93 11.43% 
16 62.1 34.4 44.6% 4049.99 4017.14 32.85 10.81% 
18 64.7 35.1 45.7% 4078.05 4036.70 41.35 12.70% 





GIP 6:  28° 30.719'N, 89° 48.409'W 
Water depth: 530 m 






























1 48.6 35.6 26.7% 8103.33 8049.59 53.74 17.79% 
2 54.3 35.9 33.9% 8323.41 8284.64 38.77 12.34% 
3 41.7 27 35.3% 8256.49 8205.38 51.11 16.79% 
4 36.7 23.6 35.7% 8337.34 8299.46 37.88 12.04% 
5 46.7 29.8 36.2% 8406.47 8369.06 37.41 11.94% 
6 43.5 28 35.6% 8379.36 8355 24.36 7.68% 
7 41.1 23.9 41.8% 8114.34 8054.91 59.43 18.39% 
8 42.3 25.9 38.8% 8308.63 8079.81 228.82 69.07% 
9 62 38.7 37.6% 8233.21 8196.68 36.53 11.16% 
10 38.5 23.7 38.4% 8301.43 8266.45 34.98 11.11% 
12 69.2 42.5 38.6% 4219.66 4174.49 45.17 12.54% 
14 75.9 43.4 42.8% 4137.16 4098.70 38.46 11.99% 
16 66.7 40.4 39.4% 4209.61 4148.68 60.93 17.01% 
18 63.3 40.1 36.7% 4133.92 4088.50 45.42 13.99% 





GIP 7:  28° 14.519'N, 89° 7.358'W 
Water depth: 1140 m 






























1 36.7 26.4 28.1% 4180.23 4120.17 60.06 18.86% 
2 31.5 21.3 32.4% 4054.26 4007.18 47.08 14.84% 
3 30.6 19.9 35.0% 4194.56 4148.8 45.76 14.33% 
4 32.2 20.9 35.1% 4115.25 4066.72 48.53 15.87% 
5 33.6 21.6 35.7% 4200.95 4144.73 56.22 17.15% 
6 31.9 20.0 37.3% 4105.98 4061.32 44.66 14.82% 
7 33.0 20.4 38.2% 4136.28 4086.86 49.42 14.49% 
8 31.4 18.8 40.1% 4219.66 4175.36 44.3 13.15% 
9 35.0 21.0 40.0% 4056.91 4011.47 45.44 13.85% 
10 36.9 22.1 40.1% 4180.78 4138.55 42.23 13.50% 
12 62.3 37.2 40.3% 4214.76 4156.44 58.32 17.68% 
14 64.7 38.1 41.1% 4033.48 3982.11 51.37 17.05% 
16 66.1 38.7 41.5% 4118.73 4071.09 47.64 15.32% 
18 69.9 39.7 43.2% 4129.04 4072.88 56.16 16.65% 





GIP 11:  28° 14.216'N, 88° 21.528'W 
Water depth: 1980 m 






























1 46.6 33.3 28.5% 8292.61 8165.93 126.68 41.52% 
2 46.2 30.5 34.0% 8376.31 8259.67 116.64 36.53% 
3 42.1 26.5 37.1% 8399.49 8288.92 110.57 35.34% 
4 34.8 21.6 37.9% 8320.79 8203.14 117.65 38.83% 
5 40.7 24.7 39.3% 8252.25 8126.5 125.75 40.56% 
6 36.4 22.2 39.0% 8396.30 8265.14 131.16 42.25% 
7 46.2 27.6 40.3% 8338.68 8209.03 129.65 39.90% 
8 42.9 25.5 40.6% 8092.65 7971.47 121.18 39.76% 
9 43.8 25.5 41.8% 8090.28 7964.04 126.24 41.29% 
10 46.5 27.3 41.3% 8357.70 8222.84 134.86 44.49% 
12 70.5 40.8 42.1% 4064.72 4002.94 61.78 19.18% 
14 70.4 39.5 43.9% 4175.32 4156.35 18.97 6.16% 
16 61.9 34.8 43.8% 4200.51 4126.41 74.10 22.88% 
18 63.9 34.4 46.2% 4043.20 3991.39 51.81 17.23% 





GIP 13:  28° 40.100'N, 88° 52.327'W 
Water depth: 1026 m 






























1 31.1 19.2 38.3% 4188.51 4139.68 48.83 14.84% 
2 31.1 11.2 64.0% 4179.99 4136.33 43.66 13.93% 
3 37 17.8 51.9% 4147.42 4106.65 40.77 12.63% 
4 43 20 53.5% 4026.84 3991.49 35.35 11.72% 
5 39.3 17.7 55.0% 4093.81 4058 35.81 11.05% 
6 30.9 14.6 52.8% 4179.28 4147.21 32.07 10.69% 
7 40.1 18.7 53.4% 4085.8 4023.72 62.08 19.64% 
8 32.8 14.8 54.9% 4054.3 4022 32.3 10.26% 
9 49.9 26.2 47.5% 4124.04 4091.09 32.95 10.42% 
10 42 19.5 53.6% 4115.43 4082.61 32.82 10.61% 
12 n/a n/a n/a n/a n/a n/a n/a 
14 64.1 30.3 52.7% 4128.56 4091.86 36.7 11.67% 
16 64.3 33 48.7% 4162.65 4127.36 35.29 11.55% 
18 62.3 31.7 49.1% 4153.76 4098.10 55.66 18.30% 






GIP 15:  28° 44.315'N, 88° 33.643'W 
Water depth: 1189 m 





























1 38.1 28.6 24.9% 8273.85 8181.14 92.71 29.01% 
2 36 26.1 27.5% 8325.67 8233.91 91.76 29.68% 
3 41.7 28.4 31.9% 8279.33 8188.63 90.7 27.15% 
4 35.5 23.2 34.6% 8354.48 8255.95 98.53 31.31% 
5 31.7 20.3 36.0% 8293.97 8165.69 128.28 40.90% 
6 40.1 25.3 36.9% 8381.92 8264.17 117.75 35.79% 
7 31.3 19.3 38.3% 8258.68 8197.65 61.03 19.81% 
8 37.1 22.4 39.6% 8381.43 8318.71 62.72 19.08% 
9 32.1 19.1 40.5% 8316.46 8251.98 64.48 19.68% 
10 34.8 20.3 41.7% 8111.99 8055.15 56.84 17.27% 
12 62.5 36.3 41.9% 4182.22 4123.94 58.28 18.54% 
14 62.4 34.9 44.1% 4216.94 4153.00 63.94 18.34% 
16 62.2 34.9 43.9% 4103.76 4039.09 64.67 18.24% 
18 66.3 36.1 45.6% 4134.09 4039.09 95 24.68% 





GIP 16:  28° 43.788'N, 88° 24.619'W 
Water depth: 1547 m 





























1 31.3 22.3 28.8% 4108.85 4042.09 66.76 21.96% 
2 31.6 22.3 29.4% 4175.89 4108.4 67.49 21.73% 
3 n/a n/a n/a n/a n/a n/a n/a 
4 33.3 22.4 32.7% 4137.71 4045.93 91.78 27.92% 
5 48.0 31.6 34.2% 4040.57 4033.33 7.24 2.41% 
6 35.9 23.0 35.9% 4206.01 4136.32 69.69 21.69% 
7 32.8 20.8 36.6% 4160.94 4098.28 62.66 19.58% 
8 36.2 22.3 38.4% 4048.8 3988.44 60.36 20.22% 
9 32.8 19.7 39.9% 4022.08 3962.65 59.43 19.97% 
10 35.0 21.1 39.7% 4092.4 4028.39 64.01 20.85% 
12 62.3 35.7 42.7% 4056.19 3988.07 68.12 22.23% 
14 60.1 34.8 42.1% 4090.53 4007.09 83.44 23.28% 
16 64.7 36.6 43.4% 4172.68 4082.52 90.16 29.47% 
18 73.2 37.0 49.5% 4221.96 4071.26 150.70 41.74% 






GIP 17:  28° 38.237'N, 89° 31.128'W 
Water depth: 1601 m 






























1 49.1 35.7 27.3% 8406.63 8331.67 74.96 24.31% 
2 40.4 28.5 29.5% 8319.05 8262.58 56.47 19.03% 
3 44.3 30.0 32.3% 8078.25 8026.1 52.15 17.69% 
4 53.6 36.4 32.1% 8274.86 8219.15 55.71 18.68% 
5 46.0 30.4 33.9% 8102.43 8039.87 62.56 20.10% 
6 65.4 52.9 19.1% 8383.85 8323.65 60.20 18.74% 
7 65.3 52.2 20.1% 8252.72 8193.18 59.54 19.14% 
8 45.5 27.7 39.1% 8291.96 8233.31 58.65 19.15% 
9 30.0 18.2 39.3% 8197.02 8135.08 61.94 21.02% 
10 30.3 18.0 40.6% 8302.19 8232.75 69.44 22.20% 
12 75.1 43.8 41.7% 4110.62 4036.09 74.53 24.26% 
14 64.2 37.9 41.0% 4099.6 4021.52 78.08 26.00% 
16 63.5 38.9 38.7% 4098.56 3998.71 99.85 27.85% 
18 60.1 37.1 38.3% 4037.58 3947.02 90.56 30.10% 





GIP 18:  28° 44.336'N, 88° 20.416'W 
Water depth: 1584 m 





























1 33.1 24.4 26.3% 4199.65 4107.09 92.56 29.07% 
2 32.2 22.3 30.7% 4116.07 4035.18 80.89 25.51% 
3 30.0 20.5 31.7% 4180.91 4103.22 77.69 24.98% 
4 36.3 24.2 33.3% 4043.91 3972.35 71.56 22.96% 
5 30.7 21.7 29.3% 4147.56 4077.3 70.26 22.31% 
6 34.8 21.9 37.1% 4049.43 3982.56 66.87 22.41% 
7 38.7 23.9 38.2% 4168.1 4088.22 79.88 25.67% 
8 41.5 24.9 40.0% 4108.25 4053.2 55.05 18.39% 
9 32.7 16.7 48.9% 4183.7 4069.17 114.53 36.17% 
10 34.3 20.0 41.7% 4167.33 n/a n/a n/a 
12 62.6 36.4 41.9% 4206.26 4126.35 79.91 24.49% 
14 60.0 35.0 41.7% 4172.83 4074.93 97.90 27.25% 
16 62.2 37.6 39.5% 4107.89 4024.21 83.68 27.82% 
18 65.0 39.7 38.9% 4072.64 3976.77 95.87 31.18% 





GIP 20:  28° 45.393'N, 88° 9.595'W 
Water depth: 1772 m 





























1 31.8 23.9 24.8% 8321.58 8227.37 94.21 31.32% 
2 44.1 31.3 29.0% 8415.61 8336.38 79.23 24.36% 
3 41.2 28.1 31.8% 8325.10 8256.10 69.00 22.40% 
4 30.6 20.1 34.3% 8416.33 8329.93 86.40 27.27% 
5 40.6 27.2 33.0% 8369.74 8291.36 78.38 25.19% 
6 26.7 17.0 36.3% 8087.55 8015.75 71.80 23.87% 
7 34.4 21.5 37.5% 8304.92 8226.14 78.78 24.49% 
8 33.6 20.6 38.7% 8214.9 8160.27 54.63 17.35% 
9 34.8 21.4 38.5% 8297.56 8129.78 167.78 53.61% 
10 38.6 24.1 37.6% 8241.86 8165.41 76.45 25.37% 
12 71.7 44.7 37.7% 4127.77 4039.83 87.94 27.44% 
14 66.4 40.8 38.6% 4159.84 4066.08 93.76 29.30% 
16 66.9 40.6 39.3% 4184.01 4090.75 93.26 30.51% 
18 n/a n/a n/a n/a n/a n/a n/a 





GIP 23:  28° 51.774'N, 88° 11.835'W 
Water depth: 1372 m 





























1 31.8 22.8 28.3% 4062.43 3978.12 84.31 25.92% 
2 34.5 23.6 31.6% 4053.52 3977.00 76.52 24.29% 
3 32.3 23.4 27.6% 4050.79 3985.25 65.54 21.97% 
4 30.7 20.1 34.5% 4139.81 4023.63 116.18 34.61% 
5 35.8 22.8 36.3% 3970.65 3933.14 37.51 13.13% 
6 32.4 22.4 30.9% 4115.80 4048.40 67.40 20.81% 
7 30.1 18.8 37.5% 4126.28 4054.33 71.95 22.64% 
8 36.3 22.4 38.3% 4006.31 3937.16 69.15 21.94% 
9 30.8 18.8 39.0% 4166.30 4098.17 68.13 22.88% 
10 34.8 21.0 39.7% 4179.49 4113.74 65.75 22.15% 
12 60.4 35.6 41.1% 4076.91 3996.08 80.83 24.22% 
14 62.4 37.3 40.2% 4172.54 4131.45 41.09 13.50% 
16 61.5 37.8 38.5% 4063.33 3980.15 83.18 26.71% 
18 61.8 39.9 35.4% 4042.03 3948.55 93.48 29.51% 





GIP 24:  28° 46.235'N, 88° 22.874'W 
Water depth: 1419 m 






























1 40.9 29.3 28.4% 4022.29 3940.22 82.07 26.28% 
2 34.0 23.6 30.6% 4163.38 4084.48 78.9 23.97% 
3 36.3 24.1 33.6% 4138.81 4066.07 72.74 23.28% 
4 30.5 19.7 35.4% 4052.53 3990.86 61.67 19.85% 
5 32.5 20.8 36.0% 4009.05 3942.48 66.57 21.94% 
6 30.7 19.8 35.5% 4096.39 4020.22 76.17 23.37% 
7 32.1 20.4 36.4% 4056.34 3990.88 65.46 20.56% 
8 35.2 21.7 38.4% 4057.42 3990.77 66.65 21.83% 
9 31.5 19.4 38.4% 4192.21 4127.54 64.67 20.56% 
10 31.6 19.2 39.2% 4075.94 4007.7 68.24 20.77% 
12 67.7 40.6 40.0% 4177.86 4111.69 66.17 21.70% 
14 61.4 36.4 40.7% 4102.04 4043.80 58.24 19.37% 
16 64.2 37.4 41.7% 4160.09 4086.62 73.47 24.15% 
18 61.6 36.3 41.1% 4094.53 4008.86 85.67 25.44% 





GIP 25:  28° 55.602'N, 88° 19.579'W 
Water depth: 1170 m 






























1 30.1 22.7 24.6% 4016.48 3924.26 92.22 31.01% 
2 36.3 26.6 26.7% 4059.81 3961.87 97.94 31.15% 
3 48.2 34.1 29.3% 4068.32 3989.27 79.05 25.19% 
4 41.2 27.2 34.0% 4012.33 3940.37 71.96 23.39% 
5 40.6 25.4 37.4% 4185.26 4155.55 29.71 9.04% 
6 31.6 19.6 38.0% 4164.82 4083.77 81.05 24.40% 
7 35.2 21.4 39.2% 4014.43 3942.76 71.67 23.49% 
8 35.4 21.2 40.1% 4118.81 4046.13 72.68 23.62% 
9 48.3 28.7 40.6% 4189.7 4177.5 12.2 3.93% 
10 39.7 23.4 41.1% 4171.99 4099.04 72.95 24.21% 
12 71.3 41.3 42.1% 4425.93 4052.97 372.96 58.24% 
14 66.9 39.4 41.1% 4139.01 4072.98 66.03 21.45% 
16 60.6 34.9 42.4% n/a n/a n/a n/a 
18 64.3 37.6 41.5% 4083.21 3977.40 105.81 31.10% 





GIP A:  28° 48.841'N, 88° 26.428'W 
Water depth: 1259 m 





























1 33.4 25.8 22.8% 4083.47 3982.31 101.16 30.50% 
2 34.2 24.4 28.7% 4138.4 4059.82 78.58 23.95% 
3 33.5 22.7 32.2% 4170.12 4106.71 63.41 20.79% 
4 35.0 23.2 33.7% 4045.09 3980.56 64.53 21.29% 
5 37.0 24.0 35.1% 4156.92 3981.05 175.87 57.39% 
6 31.0 19.5 37.1% 4167.95 4090.35 77.60 25.47% 
7 42.9 26.9 37.3% 4050.17 4104.88 -54.71 -18.10% 
8 42.9 26.1 39.2% 4063.74 3987.54 76.2 23.19% 
9 44.1 26.8 39.2% 4017.24 3959 58.24 18.94% 
10 42.9 25.0 41.7% 4192.6 4124.79 67.81 21.50% 
12 60.4 34.7 42.5% 4177.84 4121.52 56.32 18.60% 
14 65.0 38.6 40.6% 4179.26 4113.02 66.24 21.50% 
16 64.2 36.2 43.6% 4155.5 4076.81 78.69 22.77% 
18 65.8 38.2 41.9% 4068.21 3995.54 72.67 21.97% 





GIP B:  28° 44.632'N, 88° 28.917'W 
Water depth: 1427 m 






























1 38.3 28.7 25.1% 8360.17 8282.3 77.87 25.46% 
2 42.2 31.1 26.3% 8343.52 8270.32 73.2 22.21% 
3 42.9 30.9 28.0% 8405.15 8336.97 68.18 21.46% 
4 39 24.9 36.2% 8244.9 8191.45 53.45 17.67% 
5 39.7 25.2 36.5% 8214.9 8247.5 -32.6 -10.30% 
6 38 24.9 34.5% 8232.39 8160.99 71.4 22.39% 
7 56.6 37 34.6% 8364.68 8306.45 58.23 18.71% 
8 44.8 27.8 37.9% 8392.11 8334.45 57.66 18.90% 
9 36 24.4 32.2% 8317.57 8259.91 57.66 19.23% 
10 45.8 28 38.9% 8227.86 8170.99 56.87 17.88% 
12 66.3 41.5 37.4% 4156.77 4071.78 84.99 26.99% 
14 63 34.7 44.9% 4446.76 4072.19 374.57 58.42% 
16 63.8 39 38.9% 4069.55 3988.58 80.97 24.85% 
18 66 42.5 35.6% 4222.96 4127.14 95.82 27.90% 





GIP C:  28° 46.128'N, 88° 25.859'W 
Water depth: 1398 m 





























1 45.5 34.7 23.7% 8279.29 8194.54 84.75 28.03% 
2 40 27.7 30.8% 8294.74 8225.14 69.6 22.67% 
3 41.3 29.3 29.1% 8079.61 8016.48 63.13 21.08% 
4 44.5 28.5 36.0% 8353.95 8293.63 60.32 19.75% 
5 41 26.1 36.3% 8376.72 8322.61 54.11 18.25% 
6 32.4 20.5 36.7% 8303.38 8230.91 72.47 23.06% 
7 38.8 24.5 36.9% 8270.68 8192.92 77.76 24.68% 
8 39 23.6 39.5% 8280.22 8228.1 52.12 17.63% 
9 33 20.1 39.1% 8227.92 8171.44 56.48 17.32% 
10 30.5 18.4 39.7% 8224.82 8156.06 68.76 22.66% 
12 69.2 40.9 40.9% n/a n/a n/a n/a 
14 60.3 35.9 40.5% n/a n/a n/a n/a 
16 63.7 39.3 38.3% n/a n/a n/a n/a 
18 60.5 37.5 38.0% n/a n/a n/a n/a 






GIP D:  28° 41.365'N, 88° 22.549'W 
Water depth: 1636 m 






























1 35.2 25.1 28.7% 4187.06 4105.15 81.91 25.61% 
2 32.9 21.7 34.0% 4199.2 4126.22 72.98 23.03% 
3 45.5 30.3 33.4% 4100.41 4027.53 72.88 23.05% 
4 35.6 23.4 34.3% 4045.54 3973.58 71.96 23.45% 
5 34.1 21.5 37.0% 4118.56 4045.61 72.95 23.32% 
6 32.8 20.1 38.7% 4150.4 4079.88 70.52 22.76% 
7 30.8 18.8 39.0% 4172.26 4100.00 72.26 23.90% 
8 33.4 20.0 40.1% 4073.42 3995.97 77.45 23.46% 
9 43.6 25.8 40.8% 4078.46 3998.34 80.12 24.63% 
10 32.7 19.3 41.0% 4123.75 4043.00 80.75 25.36% 
12 69.3 42.4 38.8% 4040.34 3950.05 90.29 28.01% 
14 65.6 40.4 38.4% 4129.76 4077.11 52.65 17.47% 
16 60.0 37.0 38.3% 3997.29 3896.36 100.93 33.18% 
18 67.7 41.1 39.3% 4161.23 4053.08 108.15 35.48% 





GIP E:  28° 38.478'N, 88° 21.085'W 
Water depth: 1727 m 






























1 34.4 26.7 22.4% 8252.02 8158.12 93.90 30.69% 
2 39.9 28.5 28.6% 8298.21 8217.66 80.55 25.81% 
3 33.5 23.4 30.1% 8205.04 8134.88 70.16 23.13% 
4 34.0 23.5 30.9% 8277.18 8204.36 72.82 24.31% 
5 32.4 21.3 34.3% n/a n/a n/a n/a 
6 34.5 21.8 36.8% 8354.65 8280.521 74.129 24.97% 
7 30.7 19.0 38.1% 8392.72 8315.55 77.17 25.58% 
8 31.9 19.9 37.6% 8349.18 8260.71 88.47 26.78% 
9 32.6 20 38.7% 8108.58 8020.98 87.60 27.33% 
10 44.6 27.8 37.7% 8311.76 8238.25 73.51 21.97% 
12 62.2 38.1 38.7% 4061.20 3965.50 95.70 29.16% 
14 66.0 39.6 40.0% 4034.49 3942.42 92.07 30.20% 
16 73.8 45.9 37.8% 4030.09 3937.44 92.65 30.20% 
18 73.1 45.3 38.0% 4096.49 3989.87 106.62 31.16% 





GIP F:  28° 42.642'N, 88° 14.431'W 
Water depth: 1752 m 






























1 68.2 50.0 26.7% 4048.84 3967.88 80.96 26.91% 
2 66.8 47.4 29.0% 4043.67 3970.67 73.00 23.01% 
3 61.8 41.1 33.5% 4046.12 3976.74 69.38 22.15% 
4 62.5 43.8 29.9% 4186.27 4113.91 72.36 22.69% 
5 60.2 39.7 34.1% 4191.62 4113.68 77.94 24.57% 
6 62.0 39.5 36.3% 4143.33 4098.16 45.17 14.63% 
7 62.9 39.3 37.5% 4187.76 4108.87 78.89 24.93% 
8 62.5 38.4 38.6% 4077.7 3994.25 83.45 25.07% 
9 60.0 36.5 39.2% 4079.7 3988.38 91.32 27.35% 
10 66.2 40.4 39.0% 4165.75 4083.21 82.54 26.85% 
12 71.1 42.7 39.9% 4078.48 3980.24 98.24 29.11% 
14 62.7 38.3 38.9% 4206.08 4106.85 99.23 30.23% 
16 68.5 42.5 38.0% 4045.96 3945.73 100.23 33.02% 
18 62.9 38.6 38.6% 4116.47 4014.55 101.92 32.28% 





GIP G:  28° 41.100'N, 88° 33.085'W 
Water depth: 1410 m 





























1 16.8 12.2 27.4% 4113.36 4018.22 95.14 30.38% 
2 31.6 22.9 27.5% 4117.83 4026.71 91.12 28.13% 
3 32.2 21.7 32.6% 4049.26 3969.59 79.67 24.69% 
4 37.2 24.3 34.7% 4053.99 3976.92 77.07 24.75% 
5 35.2 22.5 36.1% 4078.25 3999.17 79.08 23.81% 
6 34.7 22.3 35.7% 4166.61 4094.17 72.44 23.80% 
7 50.3 31.5 37.4% 4194.37 4117.40 76.97 23.82% 
8 33.0 20.4 38.2% 4053.94 3981.35 72.59 23.23% 
9 30.2 18.2 39.7% 4059.18 3984.82 74.36 22.92% 
10 33.2 20.2 39.2% 4135.25 4084.20 51.05 15.43% 
12 62.1 35.3 43.2% 4178.99 4056.96 122.03 38.51% 
14 66.1 38.1 42.4% 4166.03 3989.09 176.94 49.30% 
16 62.7 34.9 44.3% 4195.99 4076.61 119.38 37.71% 
18 64.2 39.0 39.3% 4168.27 4018.27 150.00 45.85% 





GIP H:  28° 35.255'N, 88° 30.737'W 
Water depth: 1714 m 






























1 64.0 43.8 31.6% 4189.22 4116.37 72.85 22.15% 
2 66.0 49.8 24.5% 4117.45 4033.76 83.69 26.49% 
3 60.8 41.7 31.4% 4139.99 4079.78 60.21 18.39% 
4 67.9 45.6 32.8% 4185.64 4120.45 65.19 21.18% 
5 62.1 41 34.0% 4180.49 4112.45 68.04 22.60% 
6 64.0 41.2 35.6% 4170.51 4099.19 71.32 22.53% 
7 61.3 38.7 36.9% 4188.38 4114.18 74.2 22.79% 
8 65.6 40.7 38.0% 4182.06 4112.08 69.98 21.89% 
9 64.5 39.3 39.1% 4196.36 4118.99 77.37 23.75% 
10 60.3 36.3 39.8% 4209.07 4137.00 72.07 22.27% 
12 67.6 40.8 39.6% 4180.94 4107.36 73.58 23.27% 
14 67.9 41.1 39.5% 4058.62 3972.39 86.23 27.15% 
16 60.9 37.2 38.9% 4116.00 4023.62 92.38 28.95% 
18 70.6 42.8 39.4% 4082.15 3972.25 109.9 33.31% 





GIP J:  28° 35.672'N, 89° 18.939'W 
Water depth: 1863 m 






























1 N/A N/A N/A N/A N/A N/A N/A 
2 N/A N/A N/A N/A N/A N/A N/A 
3 N/A N/A N/A N/A N/A N/A N/A 
4 30.3 20.1 33.7% 8321.85 8227.85 94.00 28.81% 
5 35.6 23.1 35.1% 8240.90 8161.71 79.19 26.01% 
6 33.9 21.9 35.4% 8213.16 8126.62 86.54 27.30% 
7 37.7 26.4 30.0% 8395.71 8304.71 91.00 29.05% 
8 37.1 23.0 38.0% 8099.33 8011.23 88.10 27.81% 
9 37.6 23.9 36.4% 8377.74 8292.32 85.42 26.30% 
10 34.4 21.7 36.9% 8323.20 8226.90 96.30 31.10% 
12 62.4 39.3 37.0% 4166.02 4077.94 88.08 28.47% 
14 65.2 39.8 39.0% 4040.74 3941.48 99.26 32.57% 
16 62.8 38.2 39.2% 4088.57 3999.49 89.08 29.40% 
18 64.6 38.7 40.1% 4173.04 4067.46 105.58 33.58% 





GIP K:  28° 23.283'N, 88° 52.049'W 
Water depth: 1349 m 






























1 42.2 33.1 21.6% 8355.79 8303.53 52.26 17.11% 
2 43.8 27.6 37.0% 8114.2 8062.32 51.88 16.07% 
3 51.2 30.2 41.0% 8347.46 8304.55 42.91 13.43% 
4 47.8 25.4 46.9% 8406.35 8374.64 31.71 10.31% 
5 36.2 19.4 46.4% 8250.92 8223.09 27.83 9.28% 
6 34.9 17.6 49.6% 8311.04 8277.45 33.59 11.26% 
7 35.4 19.5 44.9% 8408.16 8338.81 69.35 21.30% 
8 37.1 19.1 48.5% 8289.66 8278.37 11.29 3.76% 
9 38.4 19.8 48.4% 8227.18 8189.57 37.61 11.99% 
10 n/a n/a n/a n/a n/a n/a n/a 
12 67.6 36.6 45.9% 4061.8 4027.77 34.03 11.00% 
14 61.2 34.1 44.3% 4063.79 4017.40 46.39 14.24% 
16 67.3 36.8 45.3% 4083.51 4041.93 41.58 12.48% 
18 73.8 39.3 46.7% 4226.86 4184.35 42.51 12.34% 





GIP L:  28° 6.088'N, 89° 24.626'W 
Water depth: 1141 m 





























1 31.4 22.3 29.0% 4053.39 3977.50 75.89 24.53% 
2 41.1 28.7 30.2% 4165.11 4096.85 68.26 23.16% 
3 32.9 22.4 31.9% 4109.73 4043.49 66.24 22.17% 
4 40.1 26.2 34.7% 4148.14 4085.82 62.32 20.39% 
5 32.9 20.4 38.0% 4031.42 3969.94 61.48 19.28% 
6 33.2 20.1 39.5% 4100.65 4040.96 59.69 18.57% 
7 37.9 24.8 34.6% 4101.81 4048.69 53.12 17.46% 
8 34.8 21.3 38.8% 4065.52 4010.96 54.56 16.29% 
9 31.0 18.6 40.0% 4063.40 3993.16 70.24 20.33% 
10 46.2 28.0 39.4% 4165.91 4113.27 52.64 16.12% 
12 74.4 46.0 38.2% 4035.53 3979.25 56.28 18.65% 
14 64.5 39.1 39.4% 4192.36 4129.78 62.58 19.49% 
16 64.4 38.9 39.6% 4245.47 4184.44 61.03 16.54% 
18 66.1 38.4 41.9% 4188.38 4081.12 107.26 33.49% 





GIP M:  28° 41.388'N, 88° 44.181'W 
Water depth: 1220 m 






























1 38.8 29.3 24.5% 8339.49 8280.5 58.99 18.86% 
2 49.4 34.8 29.6% 8529.11 8345.73 183.38 56.35% 
3 34.7 23.2 33.1% 8423.72 8359.91 63.81 19.60% 
4 40.9 26.5 35.2% 8297.59 8219.25 78.34 24.03% 
5 46.8 30.0 35.9% 8150.96 8063.12 87.84 28.60% 
6 45.4 27.0 40.5% 8347.58 8296.49 51.09 17.20% 
7 60.4 36.7 39.2% 8311.06 8250.87 60.19 19.22% 
8 42.1 25.5 39.4% 8300.94 8250.87 50.07 16.51% 
9 41.6 25.4 38.9% 8427.1 8333.31 93.79 31.56% 
10 38.5 23.2 39.7% 8420.78 8358.86 61.92 20.16% 
12 65.2 38.3 41.3% n/a n/a n/a n/a 
14 67.1 37.6 44.0% 4024.26 3982.90 41.36 13.58% 
16 63.5 35.8 43.6% 4190.79 4168.85 21.94 6.21% 
18 62.5 32.9 47.4% 4097.51 4055.45 42.06 11.78% 

















6.2 Stable Isotope and Elemental Data 























11-1 AD 4.7 -21.63 4.87 -21.35 0.26% 2.13% 8.2 
13-1 AD 3.31 -23.65 3.47 -23.37 0.13% 1.72% 12.83 
15-1 AD 4.14 -22.73 4.3 -22.45 0.22% 2.10% 9.6 
16-1 AD 4.27 -22.86 4.43 -22.58 0.23% 2.24% 9.9 
16-1 AD 
DUP 
4.38 -22.94 4.55 -22.66 0.23% 2.22% 9.69 
17-1 AD  4.1 -21.61 4.26 -21.33 0.19% 1.68% 8.83 
20-1 AD 4.59 -21.05 4.76 -20.77 0.23% 1.78% 7.67 
2-1 AD 3.36 -23.08 3.52 -22.8 0.16% 1.76% 11.24 
24-1 AD 4.3 -21.44 4.46 -21.16 0.21% 1.77% 8.39 
25-1 AD 3.97 -22.02 4.14 -21.74 0.23% 1.99% 8.82 
4-1 AD 4.44 -23.49 4.61 -23.21 0.20% 2.15% 10.87 

















6.2.2 2011 Full Core  
KEY: AD = Acid Digested 
GIP 2:  29° 45.368'N, 88° 35.071'W 
Water depth: 30 m 























2-1 5.39 -16.98 5.39 -16.98 0.17% 2.04% 12.33 
2-2 3.29 -15.88 3.83 -16.02 0.14% 1.78% 12.40 
2-3 2.42 -15.54 2.95 -15.68 0.13% 1.64% 12.78 
2-4 1.38 -12.01 1.91 -12.15 0.08% 1.24% 16.26 
2-5 2.59 -14.27 3.12 -14.41 0.10% 1.30% 13.12 
2-6 3.45 -16.74 3.98 -16.87 0.12% 1.37% 11.33 
2-7 2.81 -15.58 3.34 -15.72 0.12% 1.46% 12.11 
2-8 0.24 -8.54 0.77 -8.67 0.05% 1.16% 24.45 
2-8 dup 2.89 -8.16 3.42 -8.30 0.05% 1.21% 25.00 
2-9 1.05 -4.91 1.58 -5.05 0.03% 1.40% 40.68 
2-10 2.85 -15.17 3.38 -15.31 0.08% 1.04% 12.79 
2-12 3.37 -9.11 3.69 -8.99 0.21% 3.08% 14.71 
2-14 1.17 -15.58 1.74 -15.90 0.07% 0.95% 13.14 
2-1 AD 4.28 -22.55 4.82 -22.69 0.15% 0.80% 5.41 
2-2 AD 3.52 -23.35 4.06 -23.49 0.13% 0.78% 6.17 
2-3 AD 3.28 -23.30 3.81 -23.44 0.12% 0.67% 5.80 
2-3 AD 
dup 3.23 -23.39 3.76 -23.53 0.11% 0.66% 5.77 
2-4 AD 2.88 -24.04 3.41 -24.17 0.07% 0.42% 5.71 
2-5 AD 3.12 -23.81 3.66 -23.95 0.09% 0.47% 5.44 
2-6 AD 3.59 -23.90 4.12 -24.04 0.11% 0.63% 5.81 
2-7 AD 3.27 -23.46 3.81 -23.60 0.11% 0.61% 5.48 
2-8 AD 1.59 -24.39 2.12 -24.52 0.05% 0.24% 5.15 
2-9 AD 1.68 -24.71 2.22 -24.84 0.04% 0.17% 4.91 
2-10 AD 6.60 -17.93 7.14 -18.07 0.25% 0.78% 3.16 
2-12 AD 2.42 -24.89 2.95 -25.02 0.07% 0.37% 5.53 










GIP 4:  28° 57.257'N, 88° 56.025'W 
Water depth: 130 m 























4-1 5.73 -16.04 6.06 -16.06 0.15% 1.77% 11.58 
4-2 5.31 -16.14 5.63 -16.16 0.15% 1.72% 11.62 
4-3  4.85 -16.31 5.18 -16.33 0.15% 1.67% 11.24 
4-4 5.07 -16.51 5.39 -16.54 0.15% 1.66% 11.09 
4-5 4.87 -16.84 5.19 -16.87 0.15% 1.62% 11.00 
4-6 5.47 -16.87 5.79 -16.89 0.15% 1.60% 10.83 
4-7 4.86 -16.67 5.18 -16.69 0.15% 1.60% 10.99 
4-8 4.74 -16.56 5.06 -16.58 0.15% 1.60% 10.95 
4-9 4.91 -16.66 5.23 -16.68 0.14% 1.57% 10.84 
4-10 4.96 -17.24 5.28 -17.26 0.15% 1.53% 10.36 
4-12 4.59 -17.79 4.92 -17.81 0.15% 1.56% 10.49 
4-14 4.37 -17.29 4.69 -17.32 0.14% 1.42% 9.95 
4-16 3.97 -17.52 4.29 -17.54 0.15% 1.50% 10.04 
4-18 4.37 -17.83 4.69 -17.86 0.15% 1.46% 9.96 
4-20 4.73 -17.63 5.05 -17.65 0.15% 1.43% 9.83 
4-1 AD 4.14 -22.45 4.46 -22.47 0.15% 1.23% 7.98 
4-2 AD 3.50 -22.54 3.83 -22.56 0.14% 1.10% 7.70 
4-3 AD 3.83 -22.51 4.15 -22.53 0.14% 1.15% 8.09 
4-4 AD 3.06 -22.45 3.38 -22.47 0.15% 1.19% 8.18 
4-5 AD 4.35 -22.47 4.68 -22.49 0.14% 1.12% 8.00 
4-6 AD 3.54 -22.52 3.86 -22.54 0.14% 1.02% 7.46 
4-7 AD 3.44 -22.45 3.77 -22.47 0.14% 1.12% 8.05 
4-8 AD 2.90 -22.41 3.23 -22.43 0.14% 1.11% 7.83 
4-9 AD 3.07 -22.39 3.40 -22.41 0.15% 1.19% 8.08 
4-10 AD 4.29 -22.47 4.62 -22.49 0.14% 1.04% 7.57 
4-12 AD 2.93 -22.57 3.25 -22.59 0.13% 1.02% 7.56 
4-14 AD 3.25 -22.28 3.57 -22.30 0.14% 1.07% 7.81 
4-16 AD 3.35 -22.29 3.68 -22.31 0.14% 1.06% 7.80 
4-18 AD 3.34 -22.36 3.67 -22.38 0.14% 1.08% 7.85 










GIP 6:  28° 30.719'N, 89° 48.409'W 
Water depth: 530 m 























6-1 5.41 -19.90 5.64 -19.54 0.19% 1.78% 9.61 
6-2 4.98 -19.16 5.21 -18.80 0.15% 1.52% 10.26 
6-2 dup 4.91 -19.19 5.14 -18.83 0.15% 1.52% 10.32 
6-3 4.85 -18.58 5.08 -18.22 0.14% 1.56% 11.30 
6-4 5.05 -18.50 5.28 -18.13 0.13% 1.52% 11.53 
6-5 4.98 -18.41 5.21 -18.05 0.13% 1.50% 11.44 
6-6 4.92 -18.37 5.15 -18.00 0.13% 1.50% 11.40 
6-7 4.86 -17.28 5.09 -16.92 0.11% 1.55% 13.99 
6-8 4.95 -18.25 5.18 -17.89 0.15% 1.84% 12.16 
6-9 4.99 -19.09 5.22 -18.73 0.15% 1.67% 10.96 
6-10 4.66 -19.18 4.89 -18.81 0.15% 1.65% 11.05 
6-12 4.66 -19.26 4.89 -18.90 0.15% 1.69% 11.33 
6-14 5.02 -18.31 5.25 -17.95 0.13% 1.56% 12.05 
6-16 4.56 -17.24 4.56 -17.24 0.15% 1.77% 11.55 
6-18 4.93 -17.79 4.93 -17.79 0.17% 1.80% 10.63 
6-20 4.54 -17.50 4.77 -17.13 0.17% 1.78% 10.28 
6-1 AD 4.47 -22.58 4.70 -22.22 0.19% 1.49% 7.83 
6-2 AD 3.22 -22.78 3.45 -22.42 0.15% 1.23% 7.93 
6-3 AD 3.73 -23.05 3.96 -22.68 0.15% 1.25% 8.32 
6-4 AD 4.04 -23.17 4.27 -22.81 0.14% 1.15% 8.18 
6-4 AD 
dup 3.75 -23.19 3.98 -22.83 0.14% 1.18% 8.32 
6-5 AD 3.83 -23.08 4.06 -22.71 0.14% 1.11% 8.15 
6-6 AD 3.96 -22.93 4.19 -22.57 0.14% 1.16% 8.27 
6-7 AD 3.74 -23.48 3.97 -23.11 0.12% 1.15% 9.33 
6-8 AD 4.35 -22.99 4.58 -22.63 0.17% 1.48% 8.87 
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6-9 AD 3.75 -22.78 3.98 -22.42 0.16% 1.41% 8.60 
6-10 AD 3.69 -22.88 3.92 -22.52 0.16% 1.39% 8.82 
6-12 AD 4.04 -22.89 4.27 -22.52 0.16% 1.45% 8.95 
6-14 AD 2.53 -23.15 2.76 -22.78 0.14% 1.19% 8.65 
6-16 AD 3.82 -22.10 4.05 -21.74 0.16% 1.32% 8.03 
6-18 AD 3.57 -21.97 3.80 -21.61 0.19% 1.52% 8.10 






GIP 7:  28° 14.519'N, 89° 7.358'W 
Water depth: 1140 m 























7-1 5.32 -17.20 5.34 -16.78 0.16% 1.83% 11.54 
7-2 5.11 -19.13 5.53 -19.13 0.15% 1.73% 11.62 
7-3 5.19 -16.88 5.19 -16.88 0.15% 1.76% 12.02 
7-3 dup 4.94 -16.80 4.94 -16.80 0.15% 1.78% 12.20 
7-4 5.10 -16.46 5.10 -16.46 0.15% 1.83% 11.98 
4-5 5.04 -15.37 5.04 -15.37 0.15% 1.74% 11.74 
7-6 4.38 -14.10 4.38 -14.10 0.15% 1.94% 12.73 
7-7 4.27 -13.01 4.27 -13.01 0.15% 1.93% 13.32 
7-8 4.30 -12.60 4.30 -12.60 0.14% 2.01% 13.92 
7-9 4.37 -12.93 4.37 -12.93 0.14% 1.99% 13.82 
7-10 4.11 -12.58 4.11 -12.58 0.14% 1.98% 13.91 
7-12 4.02 -12.45 4.02 -12.45 0.14% 1.83% 13.15 
7-14 3.83 -11.65 3.83 -11.65 0.14% 1.91% 13.97 
7-16 3.68 -11.72 3.68 -11.72 0.13% 1.88% 14.12 
7-18 3.56 -10.89 3.56 -10.89 0.13% 1.90% 14.81 
7-20 3.34 -11.25 3.34 -11.25 0.12% 1.73% 14.86 
7-1 AD 5.14 -22.46 5.14 -22.46 0.17% 1.47% 8.88 
7-2 AD 4.44 -22.85 4.44 -22.85 0.15% 1.45% 9.48 
7-3 AD 4.51 -22.39 4.51 -22.39 0.15% 1.39% 9.10 
7-4 AD 5.17 -22.04 5.17 -22.04 0.15% 1.34% 8.70 




7-5 AD 4.53 -21.34 4.53 -21.34 0.15% 1.19% 8.15 
7-6 AD 2.52 -21.07 3.42 -20.90 0.14% 1.19% 8.37 
7-7 AD 2.08 -20.93 2.99 -20.76 0.14% 1.11% 8.06 
7-8 AD 2.07 -21.03 2.97 -20.86 0.14% 1.13% 8.34 
7-9 AD 2.07 -21.12 2.98 -20.95 0.14% 1.15% 8.23 
7-10 AD 2.80 -21.06 3.71 -20.89 0.14% 1.13% 8.23 
7-12 AD 1.39 -20.92 2.30 -20.75 0.14% 1.10% 8.12 
7-14 AD 1.74 -20.88 2.64 -20.71 0.14% 1.11% 8.02 
7-16 AD 0.90 -21.07 1.81 -20.90 0.13% 1.04% 7.97 
7-18 AD 0.78 -21.14 1.68 -20.97 0.12% 0.99% 7.91 






GIP 11:  28° 14.216'N, 88° 21.528'W 
Water depth: 1980 m 























11-1 4.69 -5.69 5.19 -5.42 0.13% 3.48% 26.19 
11-2 4.84 -5.06 5.11 -5.06 0.12% 3.33% 28.29 
11-3 5.02 -4.34 5.02 -4.34 0.11% 3.22% 30.59 
11-4 4.50 -4.23 4.50 -4.23 0.10% 3.18% 33.20 
11-5 4.54 -3.91 4.54 -3.91 0.10% 3.23% 33.98 
11-5 dup 4.62 -3.64 4.62 -3.64 0.09% 3.37% 36.99 
11-6 4.31 -3.56 4.31 -3.56 0.09% 3.37% 37.78 
11-7 4.11 -3.77 4.11 -3.77 0.09% 3.32% 35.56 
11-8 4.21 -3.99 4.21 -3.99 0.10% 3.24% 33.39 
11-9 4.29 -3.44 4.29 -3.44 0.10% 3.42% 35.84 
11-10 4.03 -3.41 4.03 -3.41 0.10% 3.52% 35.57 
11-12 4.00 -2.98 4.00 -2.98 0.09% 3.48% 38.47 
11-14 3.89 -2.62 3.89 -2.62 0.09% 3.47% 38.14 
11-16 4.07 -2.20 4.07 -2.20 0.08% 3.31% 40.75 
11-18 3.53 -2.81 3.53 -2.81 0.09% 3.34% 37.04 
11-20 4.12 -3.18 4.12 -3.18 0.09% 3.51% 38.25 
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11-1 AD 4.71 -21.08 4.71 -21.08 0.20% 1.38% 6.78 
11-2 AD 4.09 -20.87 4.09 -20.87 0.17% 1.09% 6.42 
11-3 AD 3.65 -20.90 3.65 -20.90 0.14% 0.85% 6.03 
11-4 AD 4.27 -21.11 4.27 -21.11 0.13% 0.81% 6.04 
11-4 AD 
dup 3.71 -21.18 3.71 -21.18 0.13% 0.80% 6.03 
11-5 AD 3.60 -20.96 3.60 -20.96 0.13% 0.77% 5.88 
11-6 AD 3.74 -21.36 3.74 -21.36 0.13% 0.78% 5.99 
11-7 AD 3.74 -21.19 3.74 -21.19 0.13% 0.78% 5.83 
11-8 AD 3.77 -20.70 3.77 -20.70 0.13% 0.80% 6.01 
11-9 AD 3.42 -20.74 3.42 -20.74 0.14% 0.82% 6.00 
11-10 AD 3.48 -20.74 3.48 -20.74 0.15% 0.90% 6.06 
11-12 AD 2.70 -21.13 2.70 -21.13 0.18% 1.30% 7.37 
11-14 AD 2.51 -21.01 2.51 -21.01 0.17% 1.22% 7.19 
11-16 AD 1.50 -21.10 1.50 -21.10 0.19% 1.36% 7.13 
11-18 AD 2.21 -20.83 2.21 -20.83 0.17% 1.21% 7.18 






GIP 13:  28° 40.100'N, 88° 52.327'W 
Water depth: 1026 m 























13-1 3.86 -13.52 4.43 -13.84 0.12% 1.67% 14.19 
13-2 3.02 -11.67 3.59 -11.99 0.11% 1.72% 15.56 
13-3 3.42 -10.97 3.99 -11.29 0.11% 1.79% 16.42 
13-4 3.63 -10.76 4.20 -11.08 0.11% 1.81% 16.48 
13-5 3.34 -10.55 3.90 -10.87 0.10% 1.58% 15.83 
13-6 4.04 -11.99 4.61 -12.31 0.12% 1.63% 13.65 
13-7 3.59 -11.94 4.15 -12.26 0.12% 1.72% 14.07 
13-8 2.62 -11.10 3.19 -11.42 0.11% 1.65% 14.86 
13-9 1.96 -11.50 2.53 -11.82 0.11% 1.60% 14.73 
13-10 2.75 -11.64 3.32 -11.96 0.11% 1.59% 13.93 
13-12 n/a n/a n/a n/a n/a n/a n/a 
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13-14 2.89 -12.26 3.45 -12.58 0.13% 1.65% 13.08 
13-16 2.59 -12.66 3.15 -12.98 0.14% 1.70% 12.18 
13-18 2.55 -12.93 3.12 -13.25 0.14% 1.67% 12.37 
13-20 2.86 -12.60 3.43 -12.92 0.12% 1.43% 12.28 
13-1 AD 2.77 -22.34 3.33 -22.66 0.10% 0.55% 5.45 
13-2 AD 3.21 -22.48 3.78 -22.80 0.10% 0.57% 5.47 
13-2 AD 
dup 3.10 -22.46 3.67 -22.78 0.10% 0.56% 5.39 
13-3 AD 2.89 -22.47 3.46 -22.79 0.10% 0.57% 5.52 
13-4 AD 3.11 -22.52 3.68 -22.84 0.10% 0.55% 5.42 
13-5 AD 3.26 -22.29 3.83 -22.61 0.10% 0.57% 5.59 
13-6 AD 3.62 -22.21 4.19 -22.53 0.11% 0.64% 5.65 
13-7 AD 3.58 -22.27 4.15 -22.59 0.11% 0.59% 5.62 
13-8 AD 3.89 -22.14 4.46 -22.46 0.11% 0.64% 5.98 
13-9 AD 2.80 -22.31 3.36 -22.63 0.12% 0.66% 5.71 
13-10 AD 2.84 -22.34 3.41 -22.66 0.16% 1.51% 9.37 
13-12 AD n/a n/a n/a n/a n/a n/a n/a 
13-14 AD 2.02 -21.82 2.59 -22.14 0.14% 1.87% 12.91 
13-16 AD -0.05 -21.53 0.52 -21.85 0.16% 1.73% 10.67 
13-18 AD  2.84 -21.53 3.41 -21.85 0.16% 1.61% 10.38 







GIP 15:  28° 44.315'N, 88° 33.643'W 
Water depth: 1189 m 






















15-1 5.37 -12.03 5.55 -12.10 0.20% 2.70% 13.56 
15-2 5.13 -12.79 5.31 -12.86 0.19% 2.57% 13.59 
15-3 4.35 -11.19 4.53 -11.26 0.18% 2.61% 14.16 
15-4 4.27 -10.81 4.46 -10.88 0.17% 2.52% 14.88 
15-4 dup 4.31 -11.00 4.49 -11.07 0.18% 2.63% 14.64 
15-5 4.27 -10.83 4.46 -10.90 0.17% 2.74% 15.73 
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15-6 3.99 -10.83 4.18 -10.90 0.17% 2.71% 15.87 
15-7 4.01 -10.89 4.20 -10.96 0.17% 2.67% 15.79 
15-8 3.87 -10.84 4.06 -10.91 0.16% 2.50% 15.54 
15-9 3.88 -10.40 4.07 -10.47 0.16% 2.63% 16.30 
15-10 3.40 -10.38 3.59 -10.45 0.16% 2.44% 15.52 
15-12 3.08 -8.39 3.27 -8.46 0.10% 2.07% 20.29 
15-14 3.19 -9.02 3.37 -9.09 0.14% 2.38% 17.14 
15-16 3.44 -8.11 3.62 -8.18 0.13% 2.30% 17.41 
15-18 4.19 -7.58 4.37 -7.65 0.13% 2.35% 18.21 
15-20 3.56 -6.33 3.74 -6.40 0.12% 2.69% 21.60 
15-1 AD 4.88 -21.43 5.06 -21.50 0.19% 1.31% 6.86 
15-2 AD 4.21 -21.56 4.40 -21.63 0.18% 1.16% 6.61 
15-3AD  3.45 -21.14 3.64 -21.21 0.18% 1.27% 7.02 
15-3 AD 
dup 3.24 -21.22 3.43 -21.29 0.18% 1.20% 6.79 
15-4 AD 3.14 -21.21 3.32 -21.28 0.18% 1.25% 7.05 
15-5 AD 1.62 -21.51 1.80 -21.58 0.18% 1.37% 7.57 
15-6 AD 2.46 -21.55 2.64 -21.62 0.17% 1.22% 7.16 
15-7 AD 1.06 -21.76 1.24 -21.83 0.17% 1.35% 7.86 
15-8 AD 4.02 -21.46 4.20 -21.53 0.17% 1.30% 7.49 
15-9 AD 2.48 -21.71 2.67 -21.78 0.17% 1.21% 7.34 
15-10 AD 2.88 -21.40 3.06 -21.47 0.16% 1.16% 7.26 
15-12 AD 1.54 -22.07 1.73 -22.14 0.15% 1.09% 7.10 
15-14 AD 1.56 -21.54 1.75 -21.61 0.14% 1.00% 6.91 
15-16 AD 1.60 -21.27 1.79 -21.34 0.13% 0.87% 6.56 
15-18 AD 2.00 -21.13 2.19 -21.20 0.14% 0.91% 6.54 






GIP 16:  28° 43.788'N, 88° 24.619'W 
Water depth: 1547 m 























16-1 4.13 -12.04 4.69 -12.12 0.19% 2.96% 15.41 
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16-2 4.50 -11.44 5.05 -11.52 0.18% 2.84% 15.94 
16-3 n/a n/a n/a n/a n/a n/a n/a 
16-4 4.15 -10.03 4.71 -10.11 0.17% 2.75% 16.24 
16-5 3.72 -9.63 4.28 -9.71 0.18% 3.14% 17.10 
16-6 4.06 -9.16 4.62 -9.23 0.17% 3.15% 18.06 
16-7 8.59 -12.22 9.15 -12.30 0.38% 4.24% 11.11 
16-8 3.40 -8.21 3.96 -8.29 0.17% 3.11% 18.59 
16-9 3.30 -8.02 3.86 -8.10 0.16% 3.17% 19.25 
16-10 3.17 -7.88 3.73 -7.96 0.16% 3.06% 19.27 
16-10 dup 3.00 -8.38 3.56 -8.45 0.16% 3.22% 19.57 
16-12 3.56 -12.60 4.12 -12.68 0.17% 2.30% 13.74 
16-14 2.20 -15.67 2.76 -15.74 0.10% 1.24% 11.89 
16-16 2.60 -4.54 3.16 -4.62 0.12% 3.83% 30.86 
16-18 3.01 -3.82 3.57 -3.90 0.11% 3.62% 33.77 
16-20 3.72 -3.95 4.28 -4.03 0.12% 4.14% 33.82 
16-1 AD 4.52 -21.59 5.08 -21.67 0.18% 1.40% 7.80 
16-2 AD 3.81 -21.41 4.37 -21.49 0.17% 1.36% 7.83 
16-2 AD 
dup 3.85 -21.15 4.40 -21.23 0.16% 1.01% 6.37 
16-3 AD        
16-4 AD 3.05 -20.89 3.61 -20.96 0.15% 0.91% 5.92 
16-5 AD 9.61 -19.44 10.17 -19.52 0.42% 2.73% 6.42 
16-6 AD 3.06 -20.86 3.62 -20.94 0.16% 0.90% 5.78 
16-7 AD 2.88 -20.76 3.44 -20.84 0.16% 0.97% 6.12 
16-8 AD 2.54 -20.84 3.10 -20.92 0.15% 0.87% 5.70 
16-9 AD 2.35 -20.93 2.91 -21.01 0.15% 0.87% 5.74 
16-10 AD 1.13 -20.82 1.69 -20.90 0.15% 0.86% 5.69 
16-12 AD 1.74 -20.95 2.30 -21.03 0.14% 0.79% 5.43 
16-14 AD 1.11 -20.95 1.67 -21.03 0.14% 0.73% 5.37 
16-16 AD 1.87 -20.79 2.43 -20.87 0.14% 0.78% 5.70 
16-18 AD 1.88 -20.65 2.44 -20.73 0.14% 0.78% 5.50 






GIP 17:  28° 38.237'N, 89° 31.128'W 
Water depth: 1601 m 

























17-1 4.87 -13.74 5.14 -13.32 0.18% 2.43% 13.84 
17-2 4.61 -12.30 4.89 -11.88 0.16% 2.20% 13.73 
17-3 4.53 -11.30 4.80 -10.87 0.16% 2.19% 14.11 
17-4 4.25 -11.10 4.52 -10.68 0.16% 2.21% 14.15 
17-5 4.22 -10.39 4.49 -9.96 0.15% 2.26% 15.15 
17-5 dup 4.42 -10.73 4.69 -10.31 0.16% 2.30% 14.55 
17-6 4.29 -10.53 4.57 -10.11 0.16% 2.42% 14.94 
17-7 4.05 -10.00 4.32 -9.58 0.16% 2.41% 15.54 
17-8 3.99 -9.50 4.26 -9.08 0.16% 2.52% 16.10 
17-9 3.75 -9.17 4.02 -8.75 0.15% 2.45% 16.49 
17-10 4.17 -8.97 4.44 -8.55 0.15% 2.47% 16.84 
17-12 3.74 -8.12 4.01 -7.70 0.14% 2.53% 17.85 
17-14 3.50 -6.91 3.77 -6.49 0.13% 2.65% 20.59 
17-16 3.90 -6.34 4.17 -5.92 0.13% 2.78% 21.81 
17-18 3.60 -5.96 3.87 -5.53 0.12% 2.84% 22.74 
17-20 3.79 -5.46 4.06 -5.04 0.12% 3.04% 24.51 
17-1 AD 4.15 -22.34 4.42 -21.92 0.20% 1.65% 8.35 
17-1 AD 
dup 4.14 -22.22 4.41 -21.80 0.20% 1.68% 8.33 
17-2 AD 3.90 -21.43 4.17 -21.01 0.17% 1.31% 7.56 
17-3 AD 4.21 -21.11 4.48 -20.68 0.17% 1.25% 7.23 
17-4 AD 3.73 -21.04 4.00 -20.62 0.17% 1.22% 7.26 
17-5 AD 3.54 -21.07 3.81 -20.65 0.16% 1.16% 7.01 
17-6 AD 3.31 -21.17 3.58 -20.75 0.19% 1.41% 7.50 
17-7 AD 3.36 -21.07 3.63 -20.65 0.18% 1.30% 7.41 
17-8 AD 3.51 -21.14 3.78 -20.72 0.18% 1.32% 7.40 
17-9 AD 3.27 -21.11 3.54 -20.69 0.17% 1.24% 7.25 
17-10 AD 2.94 -21.09 3.21 -20.67 0.17% 1.20% 7.20 
17-12 AD 2.99 -20.95 3.26 -20.52 0.17% 1.25% 7.19 
17-14 AD 3.04 -20.86 3.31 -20.44 0.17% 1.17% 7.07 
17-16 AD 3.68 -20.83 3.95 -20.41 0.16% 1.17% 7.16 
17-18 AD 2.85 -20.72 3.12 -20.30 0.17% 1.17% 7.03 








GIP 18:  28° 44.336'N, 88° 20.416'W 
Water depth: 1584 m 






















18-1 5.20 -12.02 5.43 -12.01 0.17% 2.29% 13.75 
18-2 4.99 -13.59 5.23 -13.58 0.15% 1.81% 11.83 
18-3 4.16 -10.68 4.39 -10.67 0.16% 2.26% 14.16 
18-4 3.92 -9.33 4.16 -9.31 0.17% 2.76% 16.69 
18-4 dup 3.86 -9.10 4.10 -9.09 0.16% 2.78% 16.92 
18-5 4.06 -9.01 4.29 -9.00 0.17% 2.79% 16.89 
18-6 4.06 -8.68 4.29 -8.66 0.16% 2.76% 17.33 
18-7 4.09 -8.89 4.32 -8.88 0.16% 2.83% 17.24 
18-8 3.81 -8.71 4.04 -8.70 0.16% 2.82% 18.13 
18-9 4.04 -7.59 4.27 -7.57 0.15% 2.77% 18.88 
18-10 3.30 -7.18 3.53 -7.17 0.14% 2.79% 20.13 
18-12 3.88 -6.34 4.11 -6.33 0.13% 2.88% 21.80 
18-14 3.61 -5.39 3.84 -5.38 0.13% 3.14% 24.51 
18-16 3.84 -4.58 4.07 -4.57 0.12% 3.26% 26.91 
18-18 4.24 -4.10 4.47 -4.09 0.12% 3.41% 28.81 
18-20 3.93 -4.41 4.16 -4.40 0.12% 3.56% 30.52 
18-1 AD 4.77 -21.66 5.00 -21.65 0.16% 1.15% 7.08 
18-2 AD 3.80 -21.12 4.03 -21.10 0.15% 1.07% 7.00 
18-3 AD 4.14 -21.20 4.14 -21.20 0.17% 1.36% 6.83 
18-4 AD 3.19 -21.02 3.42 -21.01 0.19% 1.36% 7.20 
18-5 AD 2.89 -21.03 3.13 -21.02 0.19% 1.37% 7.29 
18-6 AD 3.14 -20.92 3.37 -20.90 0.19% 1.36% 7.29 
18-7 AD 2.84 -21.14 3.07 -21.13 0.18% 1.34% 7.37 
18-8 AD 3.96 -21.13 4.20 -21.12 0.19% 1.40% 7.38 
18-9 AD 3.88 -21.14 3.88 -21.14 0.17% 1.37% 7.86 
18-9 AD 
dup 3.71 -21.17 3.71 -21.17 0.18% 1.40% 7.91 
18-10 AD 2.70 -20.94 2.93 -20.92 0.16% 1.14% 6.96 
18-12 AD 2.38 -20.90 2.62 -20.89 0.16% 1.03% 6.57 
18-14 AD 2.16 -20.70 2.39 -20.69 0.15% 0.96% 6.50 
18-16 AD 2.03 -20.81 2.26 -20.80 0.15% 0.97% 6.44 
18-18 AD 2.06 -20.99 2.29 -20.98 0.16% 1.10% 6.76 








GIP 20:  28° 45.393'N, 88° 9.595'W 
Water depth: 1772 m 






















20-1 5.66 -9.01 5.76 -8.81 0.17% 2.76% 16.47 
20-2 4.98 -9.01 5.08 -8.82 0.15% 2.38% 16.01 
20-3 4.66 -9.78 4.75 -9.59 0.15% 2.33% 15.51 
20-4 4.50 -8.38 4.60 -8.18 0.15% 2.64% 17.90 
20-4 dup 4.69 -8.10 4.78 -7.90 0.15% 2.66% 18.13 
20-5 4.24 -7.95 4.34 -7.76 0.14% 2.67% 18.41 
20-6 4.05 -8.18 4.15 -7.99 0.15% 2.67% 18.28 
20-7 4.17 -7.41 4.27 -7.21 0.14% 2.72% 18.87 
20-8 3.97 -7.17 4.07 -6.97 0.14% 2.74% 19.78 
20-9 4.09 -6.98 4.19 -6.78 0.14% 2.77% 20.03 
20-10 4.10 -7.26 4.20 -7.07 0.14% 2.75% 20.11 
20-12 4.18 -6.39 4.28 -6.19 0.13% 2.73% 21.76 
20-14 4.10 -6.55 4.20 -6.36 0.13% 2.89% 22.68 
20-16 4.13 -5.94 4.22 -5.74 0.13% 2.97% 22.95 
20-1 AD 4.93 -20.95 5.03 -20.75 0.21% 1.50% 7.06 
20-2 AD 4.55 -20.52 4.64 -20.33 0.18% 1.19% 6.66 
20-3 AD 4.36 -20.56 4.46 -20.36 0.17% 1.15% 6.56 
20-4 AD 4.12 -20.77 4.22 -20.58 0.17% 1.23% 7.02 
20-4 AD 
dup 3.90 -20.78 3.99 -20.59 0.17% 1.21% 6.99 
20-5 AD 3.95 -20.87 4.05 -20.67 0.18% 1.24% 7.00 
20-6 AD 3.84 -20.91 3.94 -20.72 0.17% 1.21% 7.12 
20-7 AD 3.84 -20.96 3.94 -20.76 0.17% 1.18% 6.88 
20-8 AD 4.03 -20.92 4.12 -20.72 0.16% 1.12% 6.88 
20-9 AD 3.41 -20.82 3.51 -20.63 0.16% 1.10% 6.81 
20-10 AD 3.64 -20.80 3.74 -20.61 0.16% 1.08% 6.86 
20-12 AD 3.27 -20.51 3.37 -20.32 0.16% 1.01% 6.49 
20-14 AD 3.11 -20.65 3.20 -20.45 0.17% 1.17% 6.95 










GIP 23:  28° 51.774'N, 88° 11.835'W 
Water depth: 1372 m 
























23-1 5.24 -9.24 5.32 -9.31 0.16% 2.72% 16.55 
23-2 4.37 -10.29 4.46 -10.36 0.16% 2.49% 15.30 
23-3 4.71 -10.54 4.80 -10.61 0.17% 2.42% 14.65 
23-3 dup 4.42 -10.42 4.51 -10.49 0.17% 2.43% 14.73 
23-4 3.85 -9.86 3.94 -9.93 0.17% 2.74% 16.34 
23-5 3.92 -8.96 4.01 -9.03 0.17% 2.82% 16.87 
23-6 3.96 -8.83 4.05 -8.89 0.18% 3.02% 17.10 
23-7 3.75 -9.23 3.84 -9.29 0.17% 2.93% 16.89 
23-8 4.11 -8.88 4.20 -8.95 0.17% 2.98% 17.69 
23-9 3.71 -9.06 3.79 -9.13 0.17% 2.89% 17.18 
23-10 3.89 -9.22 3.98 -9.29 0.17% 2.89% 17.13 
23-12 3.62 -7.17 3.70 -7.23 0.15% 3.00% 19.37 
23-14 3.57 -6.78 3.66 -6.84 0.13% 2.66% 21.17 
23-16 3.72 -6.37 3.81 -6.43 0.14% 3.09% 21.53 
23-18 3.59 -5.42 3.68 -5.48 0.13% 3.40% 25.21 
23-20 3.75 -5.22 3.84 -5.28 0.13% 3.43% 25.67 
23-1 AD 4.70 -20.95 4.79 -21.01 0.17% 1.10% 6.33 
23-2 AD 3.83 -20.99 3.91 -21.05 0.17% 1.10% 6.67 
23-3 AD 4.01 -20.75 4.10 -20.81 0.17% 1.16% 6.80 
23-4 AD 3.71 -21.09 3.80 -21.16 0.17% 1.20% 6.88 
23-5 AD 2.87 -21.00 2.96 -21.07 0.20% 1.49% 7.58 
23-6 AD 3.05 -20.71 3.13 -20.78 0.20% 1.45% 7.37 
23-7 AD 2.80 -20.79 2.89 -20.86 0.20% 1.49% 7.29 
23-7 AD 
dup 2.83 -20.86 2.91 -20.92 0.20% 1.49% 7.33 
23-8 AD 3.70 -20.94 3.78 -21.00 0.20% 1.43% 7.31 
23-9 AD 2.60 -20.94 2.68 -21.01 0.20% 1.51% 7.48 
23-10 AD 2.77 -21.01 2.86 -21.08 0.19% 1.37% 7.24 
23-12 AD 1.83 -20.97 1.92 -21.03 0.16% 1.08% 6.56 
23-14 AD 2.38 -20.76 2.47 -20.83 0.19% 1.31% 7.07 
155 
 
23-16 AD 2.31 -20.55 2.39 -20.62 0.17% 1.18% 6.88 
23-18 AD 2.18 -20.80 2.26 -20.86 0.17% 1.19% 6.86 






GIP 24:  28° 46.235'N, 88° 22.874'W 
Water depth: 1419 m 























24-1  4.59 -9.91 6.03 -9.90 0.18% 2.64% 14.64 
24-2 3.55 -9.82 4.99 -9.81 0.18% 2.66% 15.04 
24-3 3.38 -8.82 4.82 -8.81 0.17% 2.83% 16.52 
24-4 3.11 -9.18 4.55 -9.17 0.18% 2.83% 16.06 
24-5 2.61 -9.20 4.05 -9.19 0.18% 2.91% 16.02 
24-6 2.74 -8.72 4.18 -8.71 0.18% 2.99% 16.93 
24-7 2.33 -9.07 3.77 -9.07 0.18% 2.85% 16.20 
24-8 2.79 -8.74 4.24 -8.73 0.18% 2.93% 16.76 
24-8 dup 3.05 -8.79 4.49 -8.78 0.18% 2.93% 16.60 
24-9 3.18 -9.02 4.62 -9.01 0.17% 2.87% 16.41 
24-10 2.38 -8.44 3.82 -8.43 0.17% 2.88% 17.10 
24-12 2.25 -8.36 3.69 -8.35 0.16% 2.84% 18.05 
24-14 n/a n/a n/a n/a n/a n/a n/a 
24-16 2.32 -6.24 3.76 -6.23 0.14% 3.02% 21.63 
24-18 1.91 -6.24 3.35 -6.24 0.13% 3.26% 24.61 
24-20 2.20 -4.85 3.64 -4.84 0.13% 3.33% 25.59 
24-1 AD 3.07 -21.12 4.51 -21.11 0.18% 1.32% 7.35 
24-2 AD 2.51 -21.16 3.95 -21.15 0.18% 1.32% 7.48 
24-3 AD 1.90 -21.07 3.34 -21.06 0.17% 1.27% 7.31 
24-4 AD 2.30 -20.85 3.74 -20.84 0.19% 1.48% 7.61 
24-5 AD 2.05 -20.82 3.49 -20.81 0.21% 1.55% 7.56 
24-6 AD 2.00 -20.92 3.44 -20.91 0.20% 1.50% 7.65 
24-7 AD 1.73 -20.79 3.18 -20.78 0.19% 1.49% 7.65 
24-8 AD  1.93 -20.85 3.38 -20.84 0.20% 1.52% 7.68 




24-9 AD 1.77 -20.93 3.22 -20.92 0.19% 1.45% 7.57 
24-10 AD 1.58 -20.89 3.02 -20.88 0.19% 1.42% 7.50 
24-12 AD 1.08 -21.08 2.53 -21.07 0.18% 1.37% 7.62 
24-14 AD 0.71 -20.85 2.15 -20.84 0.17% 1.20% 7.25 
24-16 AD 1.09 -20.84 2.53 -20.83 0.17% 1.19% 7.15 
24-18 AD 1.04 -22.87 2.48 -22.86 0.12% 0.96% 8.31 






GIP 25:  28° 55.602'N, 88° 19.579'W 
Water depth: 1170 m 























25-1 1.55 -21.17 1.87 -21.05 0.30% 4.17% 13.87 
25-2 n/a n/a n/a n/a n/a n/a n/a 
25-3 4.59 -12.79 4.91 -12.67 0.53% 4.71% 8.85 
25-4 4.15 -10.65 4.47 -10.53 0.45% 3.17% 7.11 
25-5 3.90 -10.32 4.23 -10.20 0.23% 3.27% 14.21 
25-6 3.90 -10.25 4.22 -10.13 0.22% 3.30% 15.16 
25-7 4.01 -10.29 4.33 -10.17 0.56% 3.28% 5.88 
25-8 4.17 -10.41 4.49 -10.29 0.21% 3.34% 15.65 
25-9 3.84 -10.00 4.16 -9.88 0.23% 3.26% 14.30 
25-9 dup 4.05 -10.28 4.37 -10.16 0.21% 3.21% 15.28 
25-10 4.12 -9.75 4.45 -9.63 0.32% 3.33% 10.32 
25-12 3.79 -10.07 4.11 -9.95 0.21% 3.21% 15.43 
25-14 n/a n/a n/a n/a n/a n/a n/a 
25-16 2.93 -8.38 3.25 -8.26 0.18% 2.97% 16.33 
25-18 2.62 -8.34 2.94 -8.22 0.17% 2.93% 17.33 
25-20 3.23 -7.97 3.56 -7.85 0.27% 3.01% 11.05 
25-1 AD 4.69 -21.09 5.01 -20.97 0.17% 1.56% 9.34 
25-2 AD 4.11 -21.25 4.43 -21.13 0.23% 1.58% 6.78 
25-3 AD 3.19 -21.02 3.52 -20.90 0.22% 1.41% 6.53 
25-4 AD 2.97 -21.13 3.30 -21.01 0.21% 1.58% 7.50 
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25-5 AD 3.68 -21.12 4.00 -21.00 0.23% 1.56% 6.81 
25-6 AD 2.78 -21.06 3.10 -20.94 0.22% 1.67% 7.60 
25-7 AD 3.22 -21.16 3.54 -21.04 0.24% 1.77% 7.33 
25-8 AD 2.49 -21.22 2.81 -21.10 0.23% 1.77% 7.72 
25-9 AD 2.29 -21.23 2.61 -21.11 0.24% 1.71% 7.23 
25-10 AD 3.92 -21.25 3.92 -21.25 0.23% 1.79% 7.71 
25-12 AD 2.18 -21.29 2.51 -21.17 0.48% 1.49% 3.09 
25-14 AD 3.00 -21.34 3.33 -21.22 0.20% 1.31% 6.41 
25-16 AD n/a n/a n/a n/a n/a n/a n/a 
25-18 AD 1.28 -20.97 1.60 -20.85 0.19% 1.06% 5.59 







GIP A:  28° 48.841'N, 88° 26.428'W 
Water depth: 1259 m 






















A-1 4.40 -11.47 5.99 -11.59 0.23% 3.00% 13.30 
A-2 3.65 -11.18 5.23 -11.30 0.20% 2.72% 13.65 
A-3 3.19 -10.31 4.78 -10.43 0.19% 2.75% 14.35 
A-4 3.45 -9.76 5.04 -9.88 0.20% 2.86% 14.62 
A-5 2.47 -9.77 4.06 -9.89 0.19% 2.81% 14.96 
A-6 2.86 -9.83 4.45 -9.95 0.19% 2.83% 14.96 
A-7 2.29 -9.77 3.88 -9.89 0.19% 2.83% 14.93 
A-8 2.90 -9.89 4.49 -10.01 0.19% 2.76% 14.81 
A-9 2.61 -9.76 4.20 -9.88 0.17% 2.63% 15.06 
A-10 2.37 -9.27 3.96 -9.39 0.17% 2.67% 15.71 
A-12 1.74 -9.05 3.33 -9.17 0.17% 2.75% 16.25 
A-14 2.06 -6.95 3.65 -7.07 0.13% 2.59% 19.32 
A-16 1.85 -8.04 3.44 -8.16 0.15% 2.58% 17.67 
A-18 2.09 -7.15 3.67 -7.27 0.15% 2.78% 18.61 
A-20 2.16 -6.48 3.75 -6.60 0.14% 2.98% 20.70 
A-1 AD 3.72 -21.09 5.31 -21.21 0.27% 2.06% 7.70 
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A-2 AD 2.37 -20.87 3.96 -20.99 0.22% 1.65% 7.64 
A-3 AD 2.26 -20.69 3.85 -20.82 0.21% 1.60% 7.47 
A-4 AD 2.55 -20.67 4.14 -20.79 0.22% 1.67% 7.63 
A-5 AD 2.56 -20.56 4.15 -20.68 0.22% 1.68% 7.74 
A-6 AD 2.14 -20.50 3.73 -20.63 0.22% 1.71% 7.71 
A-7 AD 2.52 -20.64 4.11 -20.76 0.22% 1.68% 7.63 
A-8 AD 2.13 -20.63 3.71 -20.75 0.22% 1.66% 7.71 
A-9 AD 2.11 -20.64 3.70 -20.76 0.21% 1.62% 7.74 
A-10 AD 2.02 -20.62 3.61 -20.75 0.20% 1.49% 7.60 
A-10 AD 
dup 1.60 -20.64 3.19 -20.76 0.20% 1.49% 7.61 
A-12 AD 1.38 -20.76 2.97 -20.88 0.19% 1.41% 7.59 
A-14 AD 1.35 -20.77 2.94 -20.90 0.16% 1.15% 7.26 
A-16 0.99 -20.81 2.58 -20.93 0.17% 1.26% 7.43 
A-18 1.22 -20.50 2.81 -20.62 0.18% 1.33% 7.47 







GIP B:  28° 44.632'N, 88° 28.917'W 
Water depth: 1427 m 























B-1 5.07 -13.89 5.21 -13.30 0.19% 2.29% 12.37 
B-2 4.84 -13.73 4.98 -13.14 0.18% 2.20% 12.50 
B-3 4.13 -12.78 4.27 -12.19 0.17% 2.23% 12.98 
B-4 3.87 -11.94 4.01 -11.35 0.18% 2.49% 13.83 
B-4 dup 4.13 -11.83 4.27 -11.24 0.18% 2.46% 13.89 
B-5 4.30 -12.06 4.44 -11.47 0.18% 2.49% 13.57 
B-6 4.16 -11.84 4.30 -11.24 0.18% 2.50% 14.11 
B-7 4.33 -11.49 4.46 -10.90 0.18% 2.56% 14.13 
B-8 3.94 -11.23 4.07 -10.64 0.17% 2.50% 14.36 
B-9 3.93 -10.51 4.07 -9.92 0.16% 2.52% 15.42 
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B-10 3.56 -10.65 3.70 -10.06 0.16% 2.44% 15.22 
B-12 3.83 -7.97 3.97 -7.37 0.13% 2.51% 18.62 
B-14 3.48 -9.34 3.62 -8.75 0.14% 2.36% 16.53 
B-16 3.46 -7.69 3.60 -7.10 0.14% 2.57% 18.96 
B-18 3.57 -7.03 3.71 -6.44 0.13% 2.68% 20.50 
B-20 3.40 -9.68 3.54 -9.09 0.14% 2.30% 16.06 
B-1 AD 4.81 -21.86 4.95 -21.27 0.21% 1.64% 7.76 
B-1 AD 
dup 4.73 -21.77 4.86 -21.18 0.22% 1.67% 7.75 
B-2 AD 4.49 -21.59 4.62 -20.99 0.19% 1.48% 7.68 
B-3 AD 4.29 -21.28 4.43 -20.69 0.19% 1.42% 7.54 
B-4 AD 3.93 -21.38 4.06 -20.79 0.21% 1.62% 7.67 
B-5 AD 3.67 -21.33 3.81 -20.73 0.22% 1.64% 7.64 
B-6 AD 3.61 -21.44 3.74 -20.84 0.21% 1.66% 7.78 
B-7 AD 3.65 -21.33 3.79 -20.74 0.21% 1.62% 7.77 
B-8 AD 3.62 -21.41 3.75 -20.81 0.21% 1.58% 7.67 
B-9 AD 3.32 -21.39 3.45 -20.79 0.19% 1.48% 7.72 
B-10 AD 3.41 -21.33 3.54 -20.74 0.19% 1.45% 7.61 
B-12 AD 3.07 -22.05 3.20 -21.45 0.06% 0.42% 7.08 
B-14 AD 2.65 -21.21 2.79 -20.62 0.17% 1.29% 7.39 
B-16 AD 2.16 -21.07 2.29 -20.48 0.16% 1.20% 7.28 
B-18 AD 2.13 -20.67 2.27 -20.07 0.17% 1.27% 7.44 






GIP C:  28° 46.128'N, 88° 25.859'W 
Water depth: 1398 m 






















C-1  5.28 -11.76 5.32 -11.38 0.19% 2.37% 12.75 
C-2 4.78 -11.58 4.83 -11.20 0.18% 2.28% 12.87 
C-3 4.57 -11.34 4.62 -10.96 0.18% 2.41% 13.60 
C-3 dup 4.35 -11.78 4.40 -11.40 0.18% 2.34% 13.19 
C-4 4.34 -11.12 4.39 -10.74 0.18% 2.49% 13.59 
C-5 4.10 -10.99 4.15 -10.60 0.18% 2.49% 13.96 
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C-6 4.08 -11.06 4.13 -10.68 0.18% 2.47% 13.81 
C-7 3.94 -11.13 3.98 -10.75 0.18% 2.53% 13.69 
C-8 3.85 -10.81 3.89 -10.43 0.19% 2.60% 13.73 
C-9 4.36 -10.40 4.41 -10.01 0.18% 2.58% 14.51 
C-10 3.81 -9.76 3.85 -9.38 0.16% 2.47% 15.34 
C-12 3.45 -9.40 3.49 -9.02 0.16% 2.45% 15.52 
C-14 3.34 -8.57 3.38 -8.19 0.15% 2.50% 16.40 
C-16 3.65 -7.69 3.69 -7.31 0.15% 2.70% 18.59 
C-18 4.12 -7.23 4.16 -6.85 0.14% 2.75% 19.60 
C-20 3.61 -6.55 3.65 -6.17 0.14% 2.86% 20.26 
C-1 AD 4.77 -21.56 4.81 -21.18 0.20% 1.47% 7.31 
C-2 AD 3.87 -21.33 3.92 -20.95 0.18% 1.35% 7.37 
C-3 AD 3.63 -21.34 3.67 -20.95 0.20% 1.56% 7.72 
C-4 AD 3.57 -21.32 3.61 -20.94 0.19% 1.43% 7.44 
C-4 AD 
dup 3.52 -21.42 3.57 -21.04 0.19% 1.49% 7.69 
C-5 AD 3.72 -21.40 3.76 -21.02 0.20% 1.58% 7.80 
C-6 AD 3.29 -21.63 3.33 -21.25 0.21% 1.61% 7.81 
C-7 3.56 -21.47 3.61 -21.09 0.21% 1.63% 7.78 
C-8 3.33 -21.46 3.37 -21.07 0.21% 1.65% 7.78 
C-9 AD 3.13 -21.42 3.18 -21.04 0.20% 1.58% 7.79 









GIP D:  28° 41.365'N, 88° 22.549'W 
Water depth: 1636 m 

























D-1 4.44 -12.02 5.74 -11.80 0.17% 2.24% 13.25 
D-2 3.78 -11.78 5.08 -11.55 0.15% 2.00% 13.04 
D-2 dup 3.72 -11.93 5.02 -11.71 0.15% 1.95% 12.69 
D-3 3.18 -10.93 4.48 -10.71 0.15% 2.11% 14.20 
D-4 2.80 -8.16 4.10 -7.93 0.15% 2.72% 18.29 
D-5 3.08 -8.26 4.38 -8.04 0.16% 3.01% 19.02 
D-6 2.72 -7.59 4.02 -7.37 0.16% 3.10% 19.46 
D-7 2.41 -7.56 3.71 -7.34 0.16% 3.27% 20.51 
D-8 2.60 -6.23 3.90 -6.01 0.14% 3.27% 22.83 
D-9 2.53 -5.96 3.83 -5.74 0.11% 2.53% 23.91 
D-10 2.35 -6.12 3.66 -5.90 0.14% 3.25% 23.11 
D-12 1.99 -5.02 3.30 -4.80 0.13% 3.48% 27.09 
D-14 2.10 -9.47 3.40 -9.25 0.12% 2.10% 17.13 
D-16 2.23 -4.13 3.54 -3.91 0.12% 3.93% 32.35 
D-18 2.98 -4.05 4.29 -3.83 0.12% 3.86% 32.71 
D-20 3.93 -21.66 5.24 -21.44 0.17% 1.22% 7.24 
D-1 AD 3.14 -21.09 4.44 -20.87 0.15% 1.04% 6.73 
D-2 AD 2.69 -21.45 3.99 -21.22 0.15% 1.05% 6.92 
D-3 AD 7.36 -19.84 8.67 -19.62 0.39% 2.52% 6.47 
D-4 AD 2.36 -21.29 3.66 -21.07 0.19% 1.41% 7.45 
D-5 AD 2.35 -21.13 3.66 -20.91 0.19% 1.38% 7.42 
D-6 AD 2.09 -21.21 3.39 -20.99 0.19% 1.36% 7.35 
D-6 AD 
dup 2.33 -21.31 3.63 -21.08 0.19% 1.42% 7.52 
D-7 AD 7.82 -19.61 9.12 -19.39 0.46% 2.92% 6.41 
D-8 AD 2.10 -21.11 3.40 -20.89 0.17% 1.26% 7.26 
D-9 AD 2.06 -21.18 3.37 -20.96 0.16% 1.18% 7.17 
D-10 AD 1.95 -21.24 3.25 -21.01 0.17% 1.16% 6.99 
D-12 AD 1.40 -21.23 2.70 -21.01 0.16% 1.14% 6.95 
D-14 AD 0.57 -21.82 1.87 -21.60 0.14% 1.01% 7.21 
D-16 AD 1.75 -21.33 3.05 -21.11 0.17% 1.19% 7.19 
D-18 AD 2.21 -21.27 3.51 -21.05 0.17% 1.20% 7.02 






GIP E:  28° 38.478'N, 88° 21.085'W 
Water depth: 1727 m 

























E-1 5.02 -9.77 5.69 -9.46 0.17% 2.65% 15.96 
E-2 4.51 -9.33 5.18 -9.02 0.16% 2.64% 16.12 
E-2 dup 4.75 -9.56 5.41 -9.25 0.16% 2.57% 15.59 
E-3 4.50 -10.19 5.17 -9.88 0.16% 2.42% 14.84 
E-4 4.41 -9.56 5.08 -9.25 0.16% 2.43% 15.50 
E-5 4.07 -7.82 4.74 -7.51 0.15% 2.81% 18.47 
E-6 3.58 -7.41 4.25 -7.10 0.15% 2.91% 19.46 
E-7 3.94 -7.39 4.61 -7.07 0.15% 2.98% 19.40 
E-8 3.67 -6.91 4.34 -6.60 0.15% 2.99% 20.53 
E-9 3.63 -6.43 4.30 -6.12 0.14% 3.06% 21.82 
E-10 3.64 -6.66 4.31 -6.35 0.14% 2.96% 21.04 
E-12 3.54 -6.23 4.21 -5.92 0.14% 3.03% 22.17 
E-14 3.61 -5.40 4.28 -5.09 0.13% 3.05% 24.26 
E-16 3.27 -5.65 3.94 -5.34 0.11% 2.68% 23.75 
E-18 3.65 -5.43 4.32 -5.12 0.12% 3.13% 26.10 
E-20 3.30 -5.14 3.97 -4.83 0.12% 3.08% 25.31 
E-1 AD 4.27 -21.12 4.94 -20.81 0.21% 1.45% 7.02 
E-1 AD 
dup 3.73 -20.87 4.40 -20.56 0.19% 1.31% 6.96 
E-2 AD 3.86 -20.72 4.53 -20.41 0.19% 1.31% 6.85 
E-3 AD 3.82 -20.60 4.48 -20.28 0.18% 1.23% 6.86 
E-4 AD 3.40 -20.77 4.07 -20.46 0.18% 1.24% 7.04 
E-5 AD 2.87 -20.98 3.53 -20.67 0.16% 1.17% 7.20 
E-6 AD 2.83 -20.93 3.50 -20.61 0.18% 1.31% 7.13 
E-7 AD 2.44 -20.96 3.11 -20.65 0.19% 1.34% 7.06 
E-8 AD 2.83 -20.98 3.49 -20.67 0.18% 1.27% 6.94 
E-9 AD 2.86 -20.97 3.53 -20.66 0.18% 1.27% 7.15 
E-10 AD 2.85 -21.04 3.52 -20.73 0.18% 1.27% 7.09 
E-12 AD 2.85 -20.75 3.52 -20.44 0.19% 1.29% 6.85 
E-14 AD 2.84 -20.76 3.51 -20.45 0.17% 1.15% 6.77 
E-16 AD 2.65 -20.71 3.32 -20.40 0.17% 1.17% 6.78 
E-18 AD 2.86 -20.46 3.53 -20.15 0.19% 1.31% 6.98 








GIP F:  28° 42.642'N, 88° 14.431'W 
Water depth: 1752 m 























F-1 4.86 -8.22 6.38 -7.90 0.16% 2.92% 18.51 
F-1 dup 4.40 -8.17 5.92 -7.85 0.16% 2.99% 18.63 
F-2 3.79 -8.23 5.32 -7.91 0.14% 2.38% 17.47 
F-3 3.69 -7.54 5.22 -7.23 0.14% 2.74% 19.59 
F-4 4.03 -8.50 5.56 -8.18 0.14% 2.69% 18.85 
F-5 3.84 -6.52 5.37 -6.20 0.14% 3.01% 21.51 
F-6 2.94 -6.81 4.47 -6.49 0.14% 3.20% 22.54 
F-7 3.26 -5.87 4.79 -5.55 0.14% 3.31% 23.44 
F-8 3.18 -5.83 4.71 -5.51 0.13% 3.39% 25.10 
F-9 2.99 -6.00 4.52 -5.68 0.13% 3.43% 26.00 
F-10 2.71 -5.49 4.24 -5.18 0.13% 3.48% 27.32 
F-12 2.79 -4.88 4.32 -4.56 0.13% 3.28% 25.59 
F-14 2.83 -4.20 4.36 -3.88 0.13% 3.52% 28.13 
F-16 2.77 -4.00 4.30 -3.68 0.12% 3.75% 30.74 
F-18 3.24 -3.70 4.77 -3.38 0.11% 3.71% 33.35 
F-20 2.78 -3.58 4.30 -3.26 0.12% 3.97% 33.72 
F-1 AD 3.76 -21.42 5.29 -21.10 0.18% 1.23% 6.80 
F-2 AD 2.59 -21.35 4.12 -21.03 0.16% 1.00% 6.43 
F-3 AD 2.29 -21.35 3.82 -21.04 0.15% 0.99% 6.52 
F-4 AD 3.59 -21.58 5.11 -21.26 0.16% 1.07% 6.79 
F-4 AD 
dup 2.63 -21.47 4.16 -21.16 0.16% 1.08% 6.84 
F-5 2.37 -21.43 3.90 -21.12 0.15% 0.99% 6.60 
F-6 2.06 -21.70 3.59 -21.39 0.16% 1.11% 7.11 
F-7 1.82 -21.34 3.35 -21.02 0.16% 1.11% 7.04 
F-8 2.39 -21.64 3.92 -21.32 0.15% 1.05% 7.01 
F-9 1.90 -21.85 3.43 -21.54 0.15% 1.08% 7.11 
F-10 AD 1.62 -21.54 3.15 -21.22 0.16% 1.10% 7.09 
F-12 AD 1.06 -21.02 2.59 -20.71 0.15% 0.97% 6.57 
F-14 AD 1.57 -20.95 3.10 -20.63 0.15% 0.97% 6.50 
F-16 AD  1.86 -21.01 3.39 -20.69 0.15% 1.00% 6.81 
F-18 AD n/a n/a n/a n/a n/a n/a n/a 








GIP G:  28° 41.100'N, 88° 33.085'W 
Water depth: 1410 m 






















G-1 4.53 -12.44 5.24 -12.51 0.17% 2.25% 13.49 
G-2 4.51 -12.40 5.23 -12.46 0.17% 2.20% 13.10 
G-2 dup 4.38 -12.38 5.10 -12.44 0.17% 2.20% 13.13 
G-3 4.30 -12.60 5.01 -12.66 0.16% 2.03% 12.60 
G-4 3.68 -11.03 4.39 -11.09 0.17% 2.36% 14.08 
G-5 3.80 -10.73 4.52 -10.79 0.17% 2.47% 14.54 
G-6 3.75 -10.70 4.46 -10.76 0.17% 2.50% 14.51 
G-7 3.74 -11.02 4.45 -11.08 0.18% 2.52% 14.32 
G-8 3.73 -10.83 4.44 -10.90 0.17% 2.52% 14.52 
G-9 3.80 -10.45 4.52 -10.51 0.17% 2.58% 14.77 
G-10 3.58 -10.56 4.29 -10.63 0.17% 2.52% 14.84 
G-12 3.05 -9.64 3.76 -9.70 0.14% 2.29% 16.06 
G-14 2.78 -8.72 3.50 -8.79 0.14% 2.39% 17.14 
G-16 2.65 -9.13 3.36 -9.20 0.15% 2.55% 16.51 
G-18 3.06 -6.76 3.78 -6.82 0.13% 2.72% 20.80 
G-20 3.14 -6.17 3.85 -6.23 0.13% 2.85% 22.37 
G-1 AD 3.66 -21.67 4.38 -21.73 0.17% 1.34% 8.02 
G-1 AD 
dup 3.94 -21.70 4.66 -21.76 0.17% 1.33% 8.01 
G-2 AD 4.10 -21.43 4.81 -21.49 0.16% 1.25% 7.78 
G-3 AD 3.79 -21.19 4.51 -21.25 0.16% 1.18% 7.56 
G-4 AD 3.01 -20.92 3.72 -20.98 0.18% 1.30% 7.37 
G-5 AD 2.67 -20.91 3.38 -20.97 0.19% 1.45% 7.52 
G-6 AD 2.79 -20.87 3.51 -20.93 0.20% 1.48% 7.51 
G-7 AD 2.54 -20.98 3.25 -21.05 0.21% 1.55% 7.48 
G-8 AD 2.77 -20.92 3.48 -20.99 0.20% 1.49% 7.60 
G-9 AD 2.68 -20.86 3.39 -20.93 0.20% 1.50% 7.56 
G-10 AD 2.86 -20.83 3.57 -20.90 0.19% 1.47% 7.55 
G-12 AD 3.18 -20.53 3.89 -20.59 0.14% 0.93% 6.45 
G-14 AD 3.03 -20.14 3.75 -20.21 0.14% 0.85% 6.13 
G-16 AD 3.24 -20.20 3.95 -20.26 0.13% 0.79% 5.94 
G-18 AD 2.51 -20.13 3.22 -20.20 0.13% 0.78% 5.99 









GIP H:  28° 35.255'N, 88° 30.737'W 
Water depth: 1714 m 























H-1 4.40 -11.86 4.98 -11.85 0.11% 2.33% 21.65 
H-2 4.38 -10.20 4.96 -10.19 0.12% 2.98% 25.35 
H-3 4.19 -13.65 4.78 -13.64 0.10% 1.89% 19.32 
H-4 3.28 -10.61 3.87 -10.60 0.10% 2.47% 24.38 
H-5 2.81 -9.26 3.40 -9.25 0.11% 2.96% 27.17 
H-6 3.77 -8.82 4.36 -8.81 0.11% 2.92% 27.57 
H-7 3.51 -8.04 4.09 -8.03 0.11% 3.13% 29.60 
H-8 3.24 -7.68 3.83 -7.67 0.10% 3.12% 30.53 
H-9 3.55 -7.17 4.13 -7.16 0.10% 3.15% 32.16 
H-10 3.62 -6.70 4.20 -6.69 0.09% 3.16% 34.03 
H-10 dup 3.37 -6.77 3.96 -6.76 0.09% 3.11% 33.39 
H-12 3.41 -6.37 3.99 -6.36 0.09% 3.05% 35.19 
H-14 3.22 -5.13 3.81 -5.12 0.08% 3.31% 41.75 
H-16 3.33 -4.43 3.92 -4.42 0.08% 3.52% 44.78 
H-18 3.60 -3.81 4.19 -3.80 0.07% 3.63% 49.34 
H-20 3.25 -3.84 3.83 -3.83 0.08% 3.85% 48.20 
H-1 AD 4.44 -20.55 5.02 -20.54 0.12% 1.44% 12.38 
H-2 AD 4.27 -20.91 4.86 -20.90 0.13% 1.73% 13.30 
H-3 AD 3.72 -20.40 4.30 -20.39 0.10% 1.24% 12.38 
H-4 AD 3.52 -20.54 4.10 -20.53 0.11% 1.34% 12.67 
H-5 AD 3.34 -20.74 3.92 -20.73 0.12% 1.56% 13.23 
H-6 AD 3.04 -20.70 3.63 -20.69 0.12% 1.64% 13.23 
H-6 AD 
dup 
2.90 -20.63 3.48 -20.62 0.13% 1.66% 
13.23 
H-7 AD 2.98 -20.77 3.56 -20.76 0.12% 1.64% 13.23 
H-8 AD 3.84 -21.26 3.84 -21.26 0.17% 1.35% 2.50 
H-9 AD 2.27 -20.61 2.86 -20.60 0.12% 1.53% 13.28 
H-10 AD 3.13 -20.65 3.72 -20.64 0.11% 1.41% 12.82 
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H-12 AD 1.77 -20.61 2.35 -20.60 0.10% 1.30% 12.66 
H-14 AD 1.65 -20.45 2.24 -20.44 0.10% 1.27% 12.68 
H-16 AD 2.62 -20.45 3.20 -20.44 0.10% 1.25% 12.72 
H-18 AD 2.70 -20.42 3.28 -20.41 0.10% 1.24% 12.50 







GIP J:  28° 35.672'N, 89° 18.939'W 
Water depth: 1863 m 























J-1 6.17 -7.27 6.14 -6.85 0.18% 3.00% 17.04 
J-2 5.64 -6.97 5.64 -6.97 0.16% 2.88% 18.30 
J-3 5.73 -6.84 5.73 -6.84 0.14% 2.67% 18.55 
J-4 5.23 -7.22 5.36 -6.73 0.14% 2.66% 18.64 
J-5 4.48 -6.99 4.60 -6.50 0.14% 2.56% 18.69 
J-6 4.55 -6.56 4.67 -6.07 0.13% 2.60% 19.57 
J-6 dup 4.91 -6.76 5.03 -6.27 0.13% 2.61% 19.48 
J-7 4.55 -5.89 4.67 -5.40 0.13% 2.69% 21.21 
J-8 4.15 -5.54 4.28 -5.06 0.12% 2.68% 22.27 
J-9 4.42 -5.83 4.54 -5.35 0.12% 2.63% 21.43 
J-10 4.56 -5.34 4.68 -4.86 0.12% 2.73% 22.88 
J-12 4.22 -5.16 4.35 -4.68 0.12% 2.76% 22.93 
J-14 4.13 -4.77 4.25 -4.29 0.12% 2.88% 24.31 
J-16 3.91 -4.15 4.04 -3.66 0.11% 3.05% 26.79 
J-18 4.15 -3.79 4.27 -3.30 0.11% 3.14% 28.01 
J-20 4.09 -4.60 4.22 -4.11 0.11% 3.07% 26.96 
J-1 AD 5.55 -21.28 5.96 -21.28 0.25% 1.89% 7.52 
J-2 AD 4.69 -21.07 4.69 -21.07 0.18% 1.40% 7.72 
J-3 AD 5.14 -21.02 5.14 -21.02 0.21% 1.54% 7.51 
J-4 AD 5.10 -21.00 5.22 -20.51 0.18% 1.28% 7.28 




J-5 AD 4.83 -20.78 4.96 -20.29 0.17% 1.18% 7.12 
J-6 AD 4.15 -20.74 4.27 -20.25 0.16% 1.12% 7.06 
J-7 AD 4.03 -20.82 4.16 -20.33 0.15% 1.04% 6.74 
J-8 AD 4.21 -20.68 4.33 -20.19 0.14% 0.97% 6.82 
J-9 AD 4.44 -20.60 4.56 -20.11 0.14% 0.99% 6.86 
J-10 AD 4.25 -20.63 4.37 -20.15 0.15% 1.02% 6.84 
J-12 AD 2.68 -20.56 2.80 -20.08 0.16% 1.01% 6.53 
J-14 AD 3.24 -20.44 3.36 -19.95 0.16% 1.07% 6.84 
J-16 AD 2.62 -20.53 2.74 -20.04 0.15% 1.02% 6.59 
J-18 AD 2.98 -20.52 3.11 -20.03 0.16% 1.05% 6.72 





GIP K:  28° 23.283'N, 88° 52.049'W 
Water depth: 1349 m 























K-1 4.59 -18.65 5.24 -18.45 0.14% 1.51% 10.53 
K-2 4.40 -18.47 5.06 -18.28 0.16% 1.70% 10.78 
K-2 dup 4.55 -18.82 5.20 -18.63 0.16% 1.66% 10.71 
K-3 4.19 -17.69 4.85 -17.50 0.14% 1.68% 11.65 
K-4 4.36 -15.02 5.02 -14.82 0.11% 1.55% 13.55 
K-5 4.91 -14.35 5.57 -14.16 0.08% 1.12% 14.51 
K-6 4.39 -16.17 5.05 -15.98 0.11% 1.44% 12.81 
K-7 4.22 -16.02 4.87 -15.82 0.12% 1.45% 12.55 
K-8 4.09 -15.68 4.75 -15.49 0.11% 1.50% 13.34 
K-9 4.22 -15.11 4.88 -14.91 0.12% 1.61% 13.12 
K-10 n/a n/a n/a n/a n/a n/a n/a 
K-12 4.18 -14.90 4.84 -14.70 0.13% 1.70% 13.02 
K-14 3.63 -15.07 4.29 -14.87 0.16% 1.98% 12.07 
K-16 3.55 -13.49 4.21 -13.30 0.15% 2.00% 13.07 
K-18 3.90 -13.95 4.56 -13.75 0.16% 2.00% 12.66 
K-20 3.27 -13.45 3.93 -13.25 0.15% 1.92% 12.87 
K-1 AD 3.71 -22.56 4.37 -22.36 0.16% 1.40% 8.56 




K-2 AD 4.05 -22.42 4.70 -22.22 0.17% 1.44% 8.68 
K-3 AD 4.30 -22.54 4.96 -22.35 0.15% 1.34% 8.90 
K-4 AD 2.96 -22.94 3.61 -22.74 0.10% 0.86% 8.46 
K-5 AD 3.51 -23.09 4.16 -22.89 0.08% 0.70% 8.47 
K-6 AD 3.65 -22.50 4.31 -22.30 0.12% 1.05% 8.70 
K-7 AD 3.76 -22.14 4.42 -21.95 0.12% 1.04% 8.46 
K-8 AD 3.67 -22.66 4.32 -22.46 0.13% 1.30% 10.39 
K-9 AD 3.17 -22.23 3.83 -22.03 0.13% 1.10% 8.59 
K-10 AD n/a n/a n/a n/a n/a n/a n/a 
K-12 AD 3.40 -21.99 4.05 -21.80 0.14% 1.21% 8.62 
K-14 AD 2.79 -21.79 3.45 -21.60 0.17% 1.40% 8.26 
K-16 AD 2.38 -21.65 3.03 -21.46 0.16% 1.26% 7.93 
K-18 AD 2.48 -21.67 3.14 -21.47 0.17% 1.34% 8.04 






GIP L:  28° 6.088'N, 89° 24.626'W 
Water depth: 1141 m 






















L-1 4.91 -12.18 5.19 -12.19 0.16% 2.26% 14.38 
L-2 4.64 -11.92 4.92 -11.94 0.15% 2.22% 14.65 
L-3 4.46 -11.88 4.74 -11.90 0.15% 2.11% 14.32 
L-4 4.15 -10.87 4.43 -10.89 0.14% 2.26% 16.04 
L-5 4.04 -10.17 4.32 -10.19 0.14% 2.25% 16.07 
L-6 3.92 -10.95 4.20 -10.97 0.13% 2.16% 16.54 
L-7 3.53 -9.28 3.81 -9.30 0.13% 2.14% 16.85 
L-8 3.34 -10.98 3.62 -11.00 0.13% 2.11% 16.56 
L-8 dup 3.63 -10.89 3.91 -10.91 0.13% 2.11% 16.71 
L-9 3.64 -11.36 3.92 -11.38 0.12% 1.95% 15.60 
L-10 3.72 -11.17 4.00 -11.19 0.12% 1.88% 15.43 
L-12 3.37 -9.17 3.65 -9.19 0.10% 1.76% 16.90 
L-14 3.51 -8.72 3.79 -8.74 0.11% 1.92% 17.40 
L-16 3.28 -9.75 3.56 -9.77 0.14% 2.23% 15.96 
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L-18 4.25 -4.42 4.53 -4.44 0.12% 3.35% 27.24 
L-20 3.12 -10.11 3.40 -10.13 0.10% 1.46% 15.28 
L-1 AD 4.47 -22.19 4.75 -22.21 0.15% 1.01% 6.89 
L-2 AD 3.49 -22.04 3.77 -22.06 0.14% 0.96% 6.85 
L-3 AD 2.69 -21.81 2.97 -21.83 0.14% 0.94% 6.91 
L-3 AD 
dup 3.77 -21.78 4.05 -21.80 0.14% 0.97% 7.01 
L-4 3.08 -22.08 3.36 -22.10 0.13% 0.94% 6.98 
L-5 2.52 -21.82 2.81 -21.84 0.13% 0.85% 6.55 
L-6 2.42 -22.18 2.70 -22.20 0.13% 0.89% 7.01 
L-7 2.37 -21.80 2.65 -21.82 0.13% 0.89% 6.84 
L-8 2.67 -22.52 2.95 -22.54 0.12% 0.76% 6.49 
L-9 2.37 -22.40 2.65 -22.42 0.11% 0.70% 6.24 
L-10 2.79 -22.19 3.07 -22.21 0.11% 0.72% 6.54 
L-12 1.90 -21.70 2.18 -21.72 0.11% 0.80% 7.16 
L-14 1.82 -21.49 2.10 -21.51 0.12% 0.84% 6.89 
L-16 1.68 -21.86 1.96 -21.88 0.10% 0.69% 6.60 
L-18 1.90 -21.87 2.18 -21.89 0.10% 0.67% 6.52 







GIP M:  28° 41.388'N, 88° 44.181'W 
Water depth: 1220 m 























M-1 5.06 -16.49 5.78 -16.01 0.19% 2.12% 11.10 
M-2 4.58 -17.05 5.30 -16.56 0.19% 2.16% 11.26 
M-3 4.50 -16.10 5.22 -15.61 0.19% 2.26% 11.83 
M-3 dup 4.53 -16.03 5.25 -15.54 0.19% 2.26% 11.79 
M-4 4.04 -16.82 4.76 -16.34 0.18% 2.60% 14.31 
M-5 4.55 -15.20 5.27 -14.72 0.17% 1.98% 11.84 
M-6 4.27 -16.52 4.99 -16.04 0.17% 2.27% 13.13 
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M-7 3.91 -15.90 4.63 -15.42 0.17% 2.19% 12.75 
M-8 3.79 -15.30 4.50 -14.82 0.17% 2.19% 12.76 
M-9 4.05 -14.29 4.77 -13.81 0.17% 2.17% 12.55 
M-10 3.93 -14.20 4.65 -13.71 0.17% 2.18% 12.66 
M-12 3.40 -8.19 4.11 -7.70 0.15% 2.66% 17.86 
M-14 3.24 -14.35 3.96 -13.87 0.15% 1.93% 12.75 
M-16 3.48 -14.56 4.20 -14.07 0.15% 1.90% 12.81 
M-18 3.63 -15.20 4.35 -14.72 0.13% 1.70% 12.59 
M-1 AD 4.64 -22.14 5.36 -21.66 0.22% 1.71% 7.96 
M-2 AD 3.99 -22.29 4.71 -21.81 0.21% 1.73% 8.28 
M-2 AD 
dup 3.94 -22.28 4.66 -21.80 0.20% 1.71% 8.37 
M-3 AD 4.37 -21.96 5.09 -21.48 0.21% 1.78% 8.45 
M-4 AD 3.64 -21.76 4.36 -21.28 0.20% 1.69% 8.58 
M-5 AD 3.47 -21.57 4.19 -21.08 0.18% 1.51% 8.47 
M-6 AD 3.68 -22.90 4.40 -22.42 0.20% 2.93% 14.31 
M-7 AD 3.17 -21.75 3.89 -21.27 0.19% 1.67% 8.93 
M-8 AD 3.57 -21.61 4.29 -21.13 0.18% 1.53% 8.48 
M-9 AD 3.32 -21.68 4.03 -21.19 0.19% 1.67% 8.80 
M-10 AD 3.14 -21.58 3.85 -21.10 0.18% 1.56% 8.44 
M-12 AD 2.86 -21.51 3.57 -21.02 0.18% 1.55% 8.37 
M-14 AD 2.12 -21.41 2.83 -20.93 0.17% 1.35% 7.83 
M-16 AD 2.43 -21.63 3.15 -21.15 0.16% 1.37% 8.45 
M-18 AD 2.50 -21.52 3.22 -21.03 0.16% 1.34% 8.49 
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































6.3 Polycyclic Aromatic Hydrocarbons 
6.3.1 2010 Polycyclic Aromatic Hydrocarbons and Diagnostic PAH Molecular Ratios (0-
1 cm, 1-2 cm, 2-3 cm) by Station 
All concentrations are reported as ng/g dry weight sediment. 
GIP 2:  29° 45.368'N, 88° 35.071'W 
Water depth: 30 m 
Date collected: 2010 
 
Analyte  Interval  
 0-1 cm 1-2 cm 
(ng/g) 
2-3 cm 
TPAH minus Perylene 477.58 313.75 N/A 
Naphthalene 38.96 10.74 N/A 
   C1-Naphthalenes 77.66 10.89 N/A 
   C2-Naphthalenes 48.20 14.15 N/A 
   C3-Naphthalenes 32.81 10.53 N/A 
   C4-Naphthalenes 9.56 5.52 N/A 
Biphenyl 5.84 2.79 N/A 
Acenaphthylene 2.23 1.89 N/A 
Acenaphthene 0.00 2.05 N/A 
Fluorene 3.51 1.95 N/A 
   C1-Fluorenes 2.18 5.08 N/A 
   C2-Fluorenes 24.26 17.94 N/A 
   C3-Fluorenes 22.61 13.78 N/A 
Phenanthrene 9.79 2.64 N/A 
Anthracene 3.98 2.94 N/A 
   C1-Phenanthrenes/Anthracenes 11.93 11.52 N/A 
   C2-Phenanthrenes/Anthracenes 16.61 18.19 N/A 
   C3-Phenanthrenes/Anthracenes 17.09 11.57 N/A 
   C4-Phenanthrenes/Anthracenes 12.84 9.96 N/A 
Dibenzothiophene 1.24 1.14 N/A 
   C1-Dibenzothiophenes 2.95 3.26 N/A 
   C2-Dibenzothiophenes 4.93 4.55 N/A 
   C3-Dibenzothiophenes 6.21 7.52 N/A 
Fluoranthene 10.91 9.91 N/A 
Pyrene 11.71 10.08 N/A 
   C1-Fluoranthenes/Pyrenes 11.15 9.70 N/A 
185 
 
   C2-Fluoranthenes/Pyrenes 7.64 7.36 N/A 
   C3-Fluoranthenes/Pyrenes 0.00 4.41 N/A 
Benzo(a)anthracene 4.83 4.44 N/A 
Chrysene 7.45 7.84 N/A 
   C1-Chrysenes 8.58 8.14 N/A 
   C2-Chrysenes 11.12 11.32 N/A 
   C3-Chrysenes 0.00 6.66 N/A 
   C4-Chrysenes 5.53 4.66 N/A 
Benzo(b)fluoranthene 12.15 13.17 N/A 
Benzo(k)fluoranthene 3.96 7.93 N/A 
Benzo(e)pyrene 6.52 7.52 N/A 
Benzo(a)pyrene 5.21 5.61 N/A 
Indeno(1,2,3-c,d)pyrene 7.14 10.32 N/A 
Dibenzo(a,h)anthracene 1.68 3.06 N/A 
Benzo(g,h,i)perylene 6.61 11.02 N/A 
    
Naphthalene/∑Naphthalenes 0.33 0.50 N/A 
Phenanthrene/Anthracene 2.46 0.90 N/A 
Anthracene/178 0.29 0.53 N/A 
C0phen+anth/C0+C1phen+anth  0.54 0.33 N/A 
Fluoranthene/Pyrene 0.93 0.98 N/A 
Fluoranthene/Fluoranthene+Pyrene 0.48 0.50 N/A 
Benz[a]anthracene/Benz[a]anthracene+Chrysene 0.39 0.36 N/A 
Pyrogenic Index 0.27 0.56 N/A 
 
 
GIP 4:  28° 57.257'N, 88° 56.025'W 
Water depth: 130 m 
Date collected: 2010 
Analyte  Interval  
 0-1 cm 1-2 cm 
(ng/g) 
2-3 cm 
TPAH minus Perylene 651.52 644.77 N/A 
Naphthalene 46.84 13.76 N/A 
   C1-Naphthalenes 98.05 18.40 N/A 
   C2-Naphthalenes 62.58 23.80 N/A 
   C3-Naphthalenes 39.39 18.77 N/A 
   C4-Naphthalenes 12.46 11.24 N/A 
Biphenyl 7.32 5.03 N/A 
186 
 
Acenaphthylene 3.61 5.19 N/A 
Acenaphthene 0.00 2.04 N/A 
Fluorene 5.46 4.72 N/A 
   C1-Fluorenes 8.63 10.58 N/A 
   C2-Fluorenes 19.82 26.03 N/A 
   C3-Fluorenes 0.00 36.08 N/A 
Phenanthrene 14.16 14.92 N/A 
Anthracene 5.15 6.98 N/A 
   C1-Phenanthrenes/Anthracenes 17.62 5.74 N/A 
   C2-Phenanthrenes/Anthracenes 26.91 37.22 N/A 
   C3-Phenanthrenes/Anthracenes 26.56 31.37 N/A 
   C4-Phenanthrenes/Anthracenes 17.63 34.22 N/A 
Dibenzothiophene 1.79 1.99 N/A 
   C1-Dibenzothiophenes 4.05 4.37 N/A 
   C2-Dibenzothiophenes 7.91 10.62 N/A 
   C3-Dibenzothiophenes 9.23 19.32 N/A 
Fluoranthene 17.90 19.43 N/A 
Pyrene 19.74 22.53 N/A 
   C1-Fluoranthenes/Pyrenes 15.55 20.62 N/A 
   C2-Fluoranthenes/Pyrenes 12.13 19.61 N/A 
   C3-Fluoranthenes/Pyrenes 0.00 13.84 N/A 
Benzo(a)anthracene 9.52 8.47 N/A 
Chrysene 14.48 16.78 N/A 
   C1-Chrysenes 20.95 23.05 N/A 
   C2-Chrysenes 23.74 29.76 N/A 
   C3-Chrysenes 0.00 20.11 N/A 
   C4-Chrysenes 0.00 8.11 N/A 
Benzo(b)fluoranthene 23.47 26.22 N/A 
Benzo(k)fluoranthene 6.87 9.73 N/A 
Benzo(e)pyrene 14.08 16.25 N/A 
Benzo(a)pyrene 9.97 10.82 N/A 
Indeno(1,2,3-c,d)pyrene 12.36 16.67 N/A 
Dibenzo(a,h)anthracene 2.44 4.96 N/A 
Benzo(g,h,i)perylene 13.15 15.42 N/A 
    
Naphthalene/∑Naphthalenes 0.32 0.43 N/A 
Phenanthrene/Anthracene 2.75 2.14 N/A 
Anthracene/178 0.27 0.32 N/A 
C0phen+anth/C0+C1phen+anth  0.52 0.79 N/A 
Fluoranthene/Pyrene 0.91 0.86 N/A 
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Fluoranthene/Fluoranthene+Pyrene 0.48 0.46 N/A 
Benz[a]anthracene/Benz[a]anthracene+Chrysene 0.40 0.34 N/A 








GIP 6:  28° 30.719'N, 89° 48.409'W 
Water depth: 530 m 
Date collected: 2010 
 
Interval  Interval  
 0-1 cm 1-2 cm 
(ng/g) 
2-3 cm 
TPAH minus Perylene 990.05 520.96 N/A 
Naphthalene 91.70 15.60 N/A 
   C1-Naphthalenes 225.72 24.06 N/A 
   C2-Naphthalenes 140.15 24.45 N/A 
   C3-Naphthalenes 67.69 14.88 N/A 
   C4-Naphthalenes 20.91 9.23 N/A 
Biphenyl 11.74 4.57 N/A 
Acenaphthylene 5.69 5.01 N/A 
Acenaphthene 0.00 2.08 N/A 
Fluorene 9.43 3.26 N/A 
   C1-Fluorenes 17.82 9.98 N/A 
   C2-Fluorenes 26.05 14.40 N/A 
   C3-Fluorenes 0.00 28.14 N/A 
Phenanthrene 18.52 16.15 N/A 
Anthracene 6.77 10.34 N/A 
   C1-Phenanthrenes/Anthracenes 21.71 16.74 N/A 
   C2-Phenanthrenes/Anthracenes 23.76 20.52 N/A 
   C3-Phenanthrenes/Anthracenes 22.20 12.58 N/A 
   C4-Phenanthrenes/Anthracenes 10.21 17.67 N/A 
Dibenzothiophene 2.25 2.11 N/A 
   C1-Dibenzothiophenes 4.95 4.14 N/A 
   C2-Dibenzothiophenes 7.08 6.31 N/A 
   C3-Dibenzothiophenes 8.02 6.84 N/A 
Fluoranthene 23.87 19.61 N/A 
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Pyrene 25.61 21.21 N/A 
   C1-Fluoranthenes/Pyrenes 18.14 15.94 N/A 
   C2-Fluoranthenes/Pyrenes 13.84 15.32 N/A 
   C3-Fluoranthenes/Pyrenes 0.00 5.95 N/A 
Benzo(a)anthracene 12.39 9.31 N/A 
Chrysene 16.16 15.43 N/A 
   C1-Chrysenes 16.48 9.41 N/A 
   C2-Chrysenes 16.79 12.04 N/A 
   C3-Chrysenes 7.23 9.27 N/A 
   C4-Chrysenes 0.00 8.29 N/A 
Benzo(b)fluoranthene 27.53 24.42 N/A 
Benzo(k)fluoranthene 8.43 10.78 N/A 
Benzo(e)pyrene 15.37 15.02 N/A 
Benzo(a)pyrene 10.78 12.81 N/A 
Indeno(1,2,3-c,d)pyrene 16.51 20.90 N/A 
Dibenzo(a,h)anthracene 3.12 5.60 N/A 
Benzo(g,h,i)perylene 15.43 20.59 N/A 
    
Naphthalene/∑Naphthalenes 0.29 0.39 N/A 
Phenanthrene/Anthracene 2.74 1.56 N/A 
Anthracene/178 0.27 0.39 N/A 
C0phen+anth/C0+C1phen+anth  0.54 0.61 N/A 
Fluoranthene/Pyrene 0.93 0.92 N/A 
Fluoranthene/Fluoranthene+Pyrene 0.48 0.48 N/A 
Benz[a]anthracene/Benz[a]anthracene+Chrysene 0.43 0.38 N/A 
Pyrogenic Index 0.29 0.78 N/A 
 
GIP 11:  28° 14.216'N, 88° 21.528'W 
Water depth: 1980 m 
Date collected: 2010 
 
Analyte  Interval  
 0-1 cm 1-2 cm 
(ng/g) 
2-3 cm 
TPAH minus Perylene 213.98 223.75 N/A 
Naphthalene 13.35 9.66 N/A 
   C1-Naphthalenes 16.17 7.97 N/A 
   C2-Naphthalenes 13.50 18.26 N/A 
   C3-Naphthalenes 9.79 10.09 N/A 
   C4-Naphthalenes 0.00 3.55 N/A 
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Biphenyl 4.28 2.79 N/A 
Acenaphthylene 0.00 1.77 N/A 
Acenaphthene 0.00 1.02 N/A 
Fluorene 0.00 1.91 N/A 
   C1-Fluorenes 25.37 10.35 N/A 
   C2-Fluorenes 12.34 5.81 N/A 
   C3-Fluorenes 0.00 11.53 N/A 
Phenanthrene 9.91 9.44 N/A 
Anthracene 2.07 2.51 N/A 
   C1-Phenanthrenes/Anthracenes 11.06 9.24 N/A 
   C2-Phenanthrenes/Anthracenes 10.39 8.45 N/A 
   C3-Phenanthrenes/Anthracenes 7.45 4.86 N/A 
   C4-Phenanthrenes/Anthracenes 0.00 3.93 N/A 
Dibenzothiophene 0.87 0.84 N/A 
   C1-Dibenzothiophenes 2.42 2.34 N/A 
   C2-Dibenzothiophenes 2.62 2.57 N/A 
   C3-Dibenzothiophenes 2.15 2.09 N/A 
Fluoranthene 7.88 9.69 N/A 
Pyrene 7.96 20.91 N/A 
   C1-Fluoranthenes/Pyrenes 6.02 5.81 N/A 
   C2-Fluoranthenes/Pyrenes 7.50 4.28 N/A 
   C3-Fluoranthenes/Pyrenes 0.00 0.00 N/A 
Benzo(a)anthracene 2.63 2.57 N/A 
Chrysene 4.41 4.29 N/A 
   C1-Chrysenes 4.31 3.08 N/A 
   C2-Chrysenes 4.58 4.66 N/A 
   C3-Chrysenes 0.00 3.27 N/A 
   C4-Chrysenes 0.00 2.05 N/A 
Benzo(b)fluoranthene 7.09 7.21 N/A 
Benzo(k)fluoranthene 2.39 3.58 N/A 
Benzo(e)pyrene 4.31 4.40 N/A 
Benzo(a)pyrene 1.20 1.96 N/A 
Indeno(1,2,3-c,d)pyrene 4.83 6.72 N/A 
Dibenzo(a,h)anthracene 0.81 1.60 N/A 
Benzo(g,h,i)perylene 4.32 6.69 N/A 
    
Naphthalene/∑Naphthalenes 0.45 0.55 N/A 
Phenanthrene/Anthracene 4.79 3.76 N/A 
Anthracene/178 0.17 0.21 N/A 
C0phen+anth/C0+C1phen+anth  0.52 0.56 N/A 
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Fluoranthene/Pyrene 0.99 0.46 N/A 
Fluoranthene/Fluoranthene+Pyrene 0.50 0.32 N/A 
Benz[a]anthracene/Benz[a]anthracene+Chrysene 0.37 0.37 N/A 
Pyrogenic Index 0.41 0.66 N/A 
 
GIP 13:  28° 40.100'N, 88° 52.327'W 
Water depth: 1026 m 
Date collected: 2010 
Analyte  Interval  
 0-1 cm 1-2 cm 
(ng/g) 
2-3 cm 
TPAH minus Perylene 791.53 1003.46 N/A 
Naphthalene 39.00 25.43 N/A 
   C1-Naphthalenes 83.94 30.08 N/A 
   C2-Naphthalenes 54.35 33.68 N/A 
   C3-Naphthalenes 41.85 32.63 N/A 
   C4-Naphthalenes 15.49 34.06 N/A 
Biphenyl 6.50 8.74 N/A 
Acenaphthylene 3.88 7.52 N/A 
Acenaphthene 0.00 2.42 N/A 
Fluorene 5.32 17.43 N/A 
   C1-Fluorenes 23.11 7.55 N/A 
   C2-Fluorenes 34.21 39.83 N/A 
   C3-Fluorenes 27.89 49.12 N/A 
Phenanthrene 15.76 66.08 N/A 
Anthracene 4.64 14.15 N/A 
   C1-Phenanthrenes/Anthracenes 23.88 80.66 N/A 
   C2-Phenanthrenes/Anthracenes 36.85 70.30 N/A 
   C3-Phenanthrenes/Anthracenes 39.60 42.38 N/A 
   C4-Phenanthrenes/Anthracenes 26.48 25.05 N/A 
Dibenzothiophene 1.56 5.76 N/A 
   C1-Dibenzothiophenes 5.26 18.82 N/A 
   C2-Dibenzothiophenes 12.22 29.46 N/A 
   C3-Dibenzothiophenes 19.19 17.00 N/A 
Fluoranthene 18.23 28.41 N/A 
Pyrene 19.17 30.75 N/A 
   C1-Fluoranthenes/Pyrenes 16.49 25.91 N/A 
   C2-Fluoranthenes/Pyrenes 21.85 20.17 N/A 
   C3-Fluoranthenes/Pyrenes 0.00 7.39 N/A 
Benzo(a)anthracene 10.48 11.25 N/A 
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Chrysene 21.25 20.30 N/A 
   C1-Chrysenes 31.32 18.02 N/A 
   C2-Chrysenes 40.98 16.20 N/A 
   C3-Chrysenes 19.35 21.84 N/A 
   C4-Chrysenes 0.00 11.52 N/A 
Benzo(b)fluoranthene 21.28 28.62 N/A 
Benzo(k)fluoranthene 6.93 12.62 N/A 
Benzo(e)pyrene 16.69 21.84 N/A 
Benzo(a)pyrene 2.74 13.99 N/A 
Indeno(1,2,3-c,d)pyrene 11.43 23.71 N/A 
Dibenzo(a,h)anthracene 3.23 5.87 N/A 
Benzo(g,h,i)perylene 9.13 26.90 N/A 
    
Naphthalene/∑Naphthalenes 0.32 0.46 N/A 
Phenanthrene/Anthracene 3.40 4.67 N/A 
Anthracene/178 0.23 0.18 N/A 
C0phen+anth/C0+C1phen+anth  0.46 0.50 N/A 
Fluoranthene/Pyrene 0.95 0.92 N/A 
Fluoranthene/Fluoranthene+Pyrene 0.49 0.48 N/A 
Benz[a]anthracene/Benz[a]anthracene+Chrysene 0.33 0.36 N/A 
Pyrogenic Index 0.28 0.43 N/A 
 
GIP 15:  28° 44.315'N, 88° 33.643'W 
Water depth: 1189 m 
Date collected: 2010 
Analyte  Interval  
 0-1 cm 1-2 cm 
(ng/g) 
2-3 cm 
TPAH minus Perylene 7543.53 6133.17 N/A 
Naphthalene 17.59 19.03 N/A 
   C1-Naphthalenes 34.50 23.56 N/A 
   C2-Naphthalenes 44.63 41.58 N/A 
   C3-Naphthalenes 160.08 160.22 N/A 
   C4-Naphthalenes 296.19 292.62 N/A 
Biphenyl 12.21 8.65 N/A 
Acenaphthylene 5.38 2.32 N/A 
Acenaphthene 0.00 3.06 N/A 
Fluorene 0.00 6.10 N/A 
   C1-Fluorenes 177.53 82.14 N/A 
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   C2-Fluorenes 316.52 178.88 N/A 
   C3-Fluorenes 595.32 378.37 N/A 
Phenanthrene 58.23 46.58 N/A 
Anthracene 10.93 9.04 N/A 
   C1-Phenanthrenes/Anthracenes 288.62 264.57 N/A 
   C2-Phenanthrenes/Anthracenes 898.80 843.69 N/A 
   C3-Phenanthrenes/Anthracenes 1109.57 828.45 N/A 
   C4-Phenanthrenes/Anthracenes 549.96 578.84 N/A 
Dibenzothiophene 6.09 13.90 N/A 
   C1-Dibenzothiophenes 66.69 73.31 N/A 
   C2-Dibenzothiophenes 295.17 269.43 N/A 
   C3-Dibenzothiophenes 369.68 325.97 N/A 
Fluoranthene 23.19 28.79 N/A 
Pyrene 53.75 53.75 N/A 
   C1-Fluoranthenes/Pyrenes 152.36 153.21 N/A 
   C2-Fluoranthenes/Pyrenes 279.49 203.75 N/A 
   C3-Fluoranthenes/Pyrenes 196.65 108.46 N/A 
Benzo(a)anthracene 18.32 19.84 N/A 
Chrysene 141.64 117.59 N/A 
   C1-Chrysenes 405.00 260.63 N/A 
   C2-Chrysenes 515.12 299.58 N/A 
   C3-Chrysenes 246.52 187.82 N/A 
   C4-Chrysenes 52.84 70.65 N/A 
Benzo(b)fluoranthene 38.22 35.44 N/A 
Benzo(k)fluoranthene 6.89 12.67 N/A 
Benzo(e)pyrene 60.93 53.04 N/A 
Benzo(a)pyrene 0.00 19.87 N/A 
Indeno(1,2,3-c,d)pyrene 13.73 22.22 N/A 
Dibenzo(a,h)anthracene 11.11 13.34 N/A 
Benzo(g,h,i)perylene 14.08 22.21 N/A 
    
Naphthalene/∑Naphthalenes 0.34 0.45 N/A 
Phenanthrene/Anthracene 5.33 5.15 N/A 
Anthracene/178 0.16 0.16 N/A 
C0phen+anth/C0+C1phen+anth  0.19 0.17 N/A 
Fluoranthene/Pyrene 0.43 0.54 N/A 
Fluoranthene/Fluoranthene+Pyrene 0.30 0.35 N/A 
Benz[a]anthracene/Benz[a]anthracene+Chrysene 0.11 0.14 N/A 







GIP 16:  28° 43.788'N, 88° 24.619'W 
Water depth: 1547 m 
Collected: 2010 
Analyte  2010  
 0-1 cm 1-2 cm 
(ng/g) 
2-3 cm 
TPAH minus Perylene 2191.55 309.09 271.75 
Naphthalene 34.08 9.98 17.05 
   C1-Naphthalenes 51.84 13.19 21.88 
   C2-Naphthalenes 50.49 12.95 20.13 
   C3-Naphthalenes 58.07 12.82 12.71 
   C4-Naphthalenes 0.00 0.00 0.00 
Biphenyl 10.51 4.08 4.55 
Acenaphthylene 10.32 2.99 3.70 
Acenaphthene 0.00 0.00 0.00 
Fluorene 6.72 2.61 2.59 
   C1-Fluorenes 4.17 13.12 12.73 
   C2-Fluorenes 0.00 20.06 10.40 
   C3-Fluorenes 0.00 0.00 0.00 
Phenanthrene 38.63 10.79 10.83 
Anthracene 16.34 2.99 3.12 
   C1-Phenanthrenes/Anthracenes 60.05 13.59 9.48 
   C2-Phenanthrenes/Anthracenes 136.43 19.59 10.88 
   C3-Phenanthrenes/Anthracenes 184.88 18.22 8.39 
   C4-Phenanthrenes/Anthracenes 109.30 0.00 0.00 
Dibenzothiophene 5.43 1.20 1.05 
   C1-Dibenzothiophenes 0.00 1.32 1.90 
   C2-Dibenzothiophenes 44.46 6.36 3.13 
   C3-Dibenzothiophenes 70.12 6.31 3.77 
Fluoranthene 48.62 10.37 11.71 
Pyrene 62.76 11.39 14.94 
   C1-Fluoranthenes/Pyrenes 53.60 8.76 8.33 
   C2-Fluoranthenes/Pyrenes 97.21 7.12 7.08 
   C3-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
Benzo(a)anthracene 32.80 5.16 4.68 
Chrysene 106.56 15.30 7.99 
   C1-Chrysenes 169.18 19.33 6.29 
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   C2-Chrysenes 203.49 21.08 8.59 
   C3-Chrysenes 126.85 0.00 0.00 
   C4-Chrysenes 0.00 0.00 0.00 
Benzo(b)fluoranthene 71.21 12.36 12.59 
Benzo(k)fluoranthene 25.03 3.48 3.84 
Benzo(e)pyrene 63.46 9.22 6.66 
Benzo(a)pyrene 149.55 0.00 2.68 
Indeno(1,2,3-c,d)pyrene 35.75 8.01 9.29 
Dibenzo(a,h)anthracene 10.12 1.54 1.25 
Benzo(g,h,i)perylene 43.52 3.80 7.54 
    
Naphthalene/∑Naphthalenes 0.21 0.26 0.31 
Phenanthrene/Anthracene 2.36 0.90 3.47 
Anthracene/178 0.30 0.53 0.22 
C0phen+anth/C0+C1phen+anth  0.48 0.33 0.60 
Fluoranthene/Pyrene 0.77 0.91 0.78 
Fluoranthene/Fluoranthene+Pyrene 0.44 0.48 0.44 
Benz[a]anthracene/Benz[a]anthracene+ 
Chrysene 
0.24 0.25 0.37 
Pyrogenic Index 0.53 0.49 0.69 
 
GIP 17:  28° 38.237'N, 89° 31.128'W 
Water depth: 1601 m 
Date collected: 2010 
 
Analyte  Interval  
 0-1 cm 1-2 cm 
(ng/g) 
2-3 cm 
TPAH minus Perylene 3077.25 415.30 N/A 
Naphthalene 19.68 11.53 N/A 
   C1-Naphthalenes 31.96 11.49 N/A 
   C2-Naphthalenes 27.77 9.40 N/A 
   C3-Naphthalenes 35.98 7.42 N/A 
   C4-Naphthalenes 0.00 6.41 N/A 
Biphenyl 5.80 3.20 N/A 
Acenaphthylene 8.43 2.73 N/A 
Acenaphthene 0.00 1.80 N/A 
Fluorene 0.00 1.48 N/A 
   C1-Fluorenes 0.00 8.78 N/A 
   C2-Fluorenes 117.46 13.96 N/A 
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   C3-Fluorenes 222.90 20.45 N/A 
Phenanthrene 19.37 9.29 N/A 
Anthracene 6.07 3.34 N/A 
   C1-Phenanthrenes/Anthracenes 58.18 12.30 N/A 
   C2-Phenanthrenes/Anthracenes 183.78 19.56 N/A 
   C3-Phenanthrenes/Anthracenes 324.21 22.58 N/A 
   C4-Phenanthrenes/Anthracenes 191.74 23.04 N/A 
Dibenzothiophene 2.31 2.01 N/A 
   C1-Dibenzothiophenes 14.88 3.06 N/A 
   C2-Dibenzothiophenes 54.77 7.50 N/A 
   C3-Dibenzothiophenes 118.22 9.44 N/A 
Fluoranthene 21.73 9.23 N/A 
Pyrene 29.99 8.48 N/A 
   C1-Fluoranthenes/Pyrenes 61.86 10.37 N/A 
   C2-Fluoranthenes/Pyrenes 127.84 10.77 N/A 
   C3-Fluoranthenes/Pyrenes 0.00 12.51 N/A 
Benzo(a)anthracene 14.29 4.49 N/A 
Chrysene 158.87 17.00 N/A 
   C1-Chrysenes 347.92 21.92 N/A 
   C2-Chrysenes 451.05 31.10 N/A 
   C3-Chrysenes 180.77 17.86 N/A 
   C4-Chrysenes 58.24 12.03 N/A 
Benzo(b)fluoranthene 38.85 12.07 N/A 
Benzo(k)fluoranthene 9.56 6.12 N/A 
Benzo(e)pyrene 89.75 9.57 N/A 
Benzo(a)pyrene 0.00 3.45 N/A 
Indeno(1,2,3-c,d)pyrene 15.17 9.44 N/A 
Dibenzo(a,h)anthracene 15.65 3.61 N/A 
Benzo(g,h,i)perylene 12.20 4.51 N/A 
    
Naphthalene/∑Naphthalenes 0.38 0.50 N/A 
Phenanthrene/Anthracene 3.19 2.78 N/A 
Anthracene/178 0.24 0.26 N/A 
C0phen+anth/C0+C1phen+anth  0.30 0.51 N/A 
Fluoranthene/Pyrene 0.72 1.09 N/A 
Fluoranthene/Fluoranthene+Pyrene 0.42 0.52 N/A 
Benz[a]anthracene/Benz[a]anthracene+Chrysene 0.08 0.21 N/A 










GIP 18:  28° 44.336'N, 88° 20.416'W 
Water depth: 1584 m 
Date collected: 2010 
Analyte  Interval  
 0-1 cm 1-2 cm 
(ng/g) 
2-3 cm 
TPAH minus Perylene 1821.19 203.06 186.98 
Naphthalene 18.25 9.55 12.01 
   C1-Naphthalenes 31.77 12.64 15.20 
   C2-Naphthalenes 115.02 10.34 12.27 
   C3-Naphthalenes 205.11 6.96 7.04 
   C4-Naphthalenes 0.00 0.00 0.00 
Biphenyl 8.19 3.49 3.45 
Acenaphthylene 5.17 2.87 2.80 
Acenaphthene 0.00 0.00 0.00 
Fluorene 0.00 1.02 1.92 
   C1-Fluorenes 0.00 7.07 7.66 
   C2-Fluorenes 0.00 10.05 0.00 
   C3-Fluorenes 0.00 7.22 0.00 
Phenanthrene 54.31 8.92 9.41 
Anthracene 4.17 2.57 2.69 
   C1-Phenanthrenes/Anthracenes 179.87 8.36 10.55 
   C2-Phenanthrenes/Anthracenes 173.86 7.64 9.91 
   C3-Phenanthrenes/Anthracenes 150.16 5.79 0.00 
   C4-Phenanthrenes/Anthracenes 54.44 0.00 0.00 
Dibenzothiophene 0.00 0.89 0.95 
   C1-Dibenzothiophenes 38.18 1.81 1.70 
   C2-Dibenzothiophenes 74.69 2.12 2.16 
   C3-Dibenzothiophenes 45.47 1.94 1.60 
Fluoranthene 15.75 9.27 9.60 
Pyrene 17.92 9.48 10.50 
   C1-Fluoranthenes/Pyrenes 21.27 5.44 5.33 
   C2-Fluoranthenes/Pyrenes 0.00 3.58 4.13 
   C3-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
Benzo(a)anthracene 6.54 4.00 3.73 
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Chrysene 71.84 8.30 6.93 
   C1-Chrysenes 152.56 6.92 3.98 
   C2-Chrysenes 175.07 7.61 3.99 
   C3-Chrysenes 89.71 0.00 0.00 
   C4-Chrysenes 29.97 0.00 0.00 
Benzo(b)fluoranthene 19.12 11.30 11.54 
Benzo(k)fluoranthene 5.72 3.84 4.38 
Benzo(e)pyrene 36.25 7.00 6.31 
Benzo(a)pyrene 0.00 1.22 0.00 
Indeno(1,2,3-c,d)pyrene 9.36 7.28 8.13 
Dibenzo(a,h)anthracene 6.01 1.30 1.05 
Benzo(g,h,i)perylene 5.44 5.27 6.06 
    
Naphthalene/∑Naphthalenes 0.36 0.43 0.44 
Phenanthrene/Anthracene 13.02 3.47 3.50 
Anthracene/178 0.07 0.22 0.22 
C0phen+anth/C0+C1phen+anth  0.25 0.58 0.53 
Fluoranthene/Pyrene 0.88 0.98 0.91 
Fluoranthene/Fluoranthene+Pyrene 0.47 0.49 0.48 
Benz[a]anthracene/Benz[a]anthracene+Chrysene 0.08 0.33 0.35 
Pyrogenic Index 0.13 0.76 0.97 
 
GIP 20:  28° 45.393'N, 88° 9.595'W 
Water depth: 1772 m 
Date collected: 2010 
Analyte  Interval  
 0-1 cm 1-2 cm 
(ng/g) 
2-3 cm 
TPAH minus Perylene 1715.60 235.72 368.16 
Naphthalene 105.97 11.07 19.64 
   C1-Naphthalenes 142.03 13.17 23.06 
   C2-Naphthalenes 98.86 10.01 24.31 
   C3-Naphthalenes 73.66 11.25 22.36 
   C4-Naphthalenes 0.00 11.25 17.23 
Biphenyl 0.00 7.99 4.57 
Acenaphthylene 0.00 4.17 3.36 
Acenaphthene 0.00 4.04 2.01 
Fluorene 25.70 3.76 4.97 
   C1-Fluorenes 0.00 15.75 15.81 
198 
 
   C2-Fluorenes 0.00 18.85 13.53 
   C3-Fluorenes 0.00 32.90 25.84 
Phenanthrene 82.20 8.41 9.09 
Anthracene 14.63 1.49 3.21 
   C1-Phenanthrenes/Anthracenes 86.96 9.03 10.76 
   C2-Phenanthrenes/Anthracenes 83.84 7.40 11.88 
   C3-Phenanthrenes/Anthracenes 0.00 6.41 11.93 
   C4-Phenanthrenes/Anthracenes 0.00 0.00 9.61 
Dibenzothiophene 8.43 1.00 1.12 
   C1-Dibenzothiophenes 15.44 1.73 2.57 
   C2-Dibenzothiophenes 17.88 3.44 4.22 
   C3-Dibenzothiophenes 17.11 0.00 5.79 
Fluoranthene 55.59 7.05 8.14 
Pyrene 54.56 4.50 8.77 
   C1-Fluoranthenes/Pyrenes 62.38 3.54 8.47 
   C2-Fluoranthenes/Pyrenes 72.98 4.36 7.05 
   C3-Fluoranthenes/Pyrenes 0.00 0.00 3.53 
Benzo(a)anthracene 26.95 4.11 8.06 
Chrysene 136.79 4.46 7.62 
   C1-Chrysenes 42.91 0.00 6.48 
   C2-Chrysenes 139.18 0.00 9.26 
   C3-Chrysenes 92.40 0.00 6.22 
   C4-Chrysenes 0.00 0.00 5.26 
Benzo(b)fluoranthene 72.80 8.00 9.15 
Benzo(k)fluoranthene 31.67 4.69 7.02 
Benzo(e)pyrene 13.84 4.70 6.46 
Benzo(a)pyrene 64.01 0.75 2.51 
Indeno(1,2,3-c,d)pyrene 41.70 3.72 8.02 
Dibenzo(a,h)anthracene 11.76 1.08 1.49 
Benzo(g,h,i)perylene 23.37 1.64 7.78 
    
Naphthalene/∑Naphthalenes 0.43 0.46 0.46 
Phenanthrene/Anthracene 5.62 5.64 2.83 
Anthracene/178 0.15 0.15 0.26 
C0phen+anth/C0+C1phen+anth  0.53 0.52 0.53 
Fluoranthene/Pyrene 1.02 1.57 0.93 
Fluoranthene/Fluoranthene+Pyrene 0.50 0.61 0.48 
Benz[a]anthracene/Benz[a]anthracene+Chrysene 0.16 0.48 0.51 










GIP 24:  28° 46.235'N, 88° 22.874'W 
Water depth: 1419 m 
Date Collected: 2010 
Analyte  Interval  
 0-1 cm 1-2 cm 
(ng/g) 
2-3 cm 
TPAH minus Perylene 819.29 286.99 262.36 
Naphthalene 15.53 15.29 15.24 
   C1-Naphthalenes 16.51 13.44 15.22 
   C2-Naphthalenes 16.47 12.96 17.43 
   C3-Naphthalenes 13.67 9.98 14.59 
   C4-Naphthalenes 0.00 0.00 0.00 
Biphenyl 3.72 4.83 4.26 
Acenaphthylene 3.91 2.71 4.14 
Acenaphthene 0.00 0.00 0.00 
Fluorene 0.00 3.08 2.40 
   C1-Fluorenes 29.54 17.11 9.59 
   C2-Fluorenes 0.00 12.21 14.07 
   C3-Fluorenes 0.00 12.88 0.00 
Phenanthrene 14.35 13.91 10.76 
Anthracene 4.35 2.69 2.66 
   C1-Phenanthrenes/Anthracenes 14.73 11.73 10.15 
   C2-Phenanthrenes/Anthracenes 18.11 10.16 11.87 
   C3-Phenanthrenes/Anthracenes 0.00 12.35 9.74 
   C4-Phenanthrenes/Anthracenes 0.00 5.57 0.00 
Dibenzothiophene 0.00 1.36 1.20 
   C1-Dibenzothiophenes 2.90 2.41 1.84 
   C2-Dibenzothiophenes 0.00 3.32 2.79 
   C3-Dibenzothiophenes 11.09 3.63 2.87 
Fluoranthene 13.21 10.98 11.37 
Pyrene 19.86 12.29 13.49 
   C1-Fluoranthenes/Pyrenes 27.32 8.31 7.55 
   C2-Fluoranthenes/Pyrenes 58.96 8.75 7.03 
   C3-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
Benzo(a)anthracene 9.14 4.27 4.59 
200 
 
Chrysene 62.41 8.46 7.68 
   C1-Chrysenes 106.70 9.36 6.22 
   C2-Chrysenes 149.50 12.11 7.92 
   C3-Chrysenes 95.99 0.00 0.00 
   C4-Chrysenes 0.00 0.00 0.00 
Benzo(b)fluoranthene 21.18 12.72 13.72 
Benzo(k)fluoranthene 6.36 3.91 4.78 
Benzo(e)pyrene 45.34 7.12 7.31 
Benzo(a)pyrene 0.00 1.14 2.53 
Indeno(1,2,3-c,d)pyrene 15.88 8.72 9.30 
Dibenzo(a,h)anthracene 5.84 1.25 1.22 
Benzo(g,h,i)perylene 16.72 5.98 6.83 
    
Naphthalene/∑Naphthalenes 0.48 0.53 0.50 
Phenanthrene/Anthracene 3.30 5.17 4.05 
Anthracene/178 0.23 0.16 0.20 
C0phen+anth/C0+C1phen+anth  0.56 0.59 0.57 
Fluoranthene/Pyrene 0.67 0.89 0.84 
Fluoranthene/Fluoranthene+Pyrene 0.40 0.47 0.46 
Benz[a]anthracene/Benz[a]anthracene+Chrysene 0.13 0.34 0.37 
Pyrogenic Index 0.47 0.55 0.72 
 
GIP 25:  28° 55.602'N, 88° 19.579'W 
Water depth: 1170 m 
Date collected: 2010 
Analyte  Interval  
 0-1 cm 1-2 cm 
(ng/g) 
2-3 cm 
TPAH minus Perylene 72.57 1085.77 N/A 
Naphthalene 11.91 12.66 N/A 
   C1-Naphthalenes 10.52 13.29 N/A 
   C2-Naphthalenes 10.17 14.54 N/A 
   C3-Naphthalenes 0.00 19.14 N/A 
   C4-Naphthalenes 0.00 21.11 N/A 
Biphenyl 3.34 3.22 N/A 
Acenaphthylene 1.31 3.51 N/A 
Acenaphthene 2.46 2.41 N/A 
Fluorene 0.00 4.04 N/A 
   C1-Fluorenes 0.00 12.41 N/A 
201 
 
   C2-Fluorenes 0.00 38.36 N/A 
   C3-Fluorenes 0.00 66.52 N/A 
Phenanthrene 7.00 15.80 N/A 
Anthracene 1.64 5.73 N/A 
   C1-Phenanthrenes/Anthracenes 6.75 32.99 N/A 
   C2-Phenanthrenes/Anthracenes 0.00 111.27 N/A 
   C3-Phenanthrenes/Anthracenes 0.00 120.26 N/A 
   C4-Phenanthrenes/Anthracenes 0.00 84.67 N/A 
Dibenzothiophene 0.00 2.57 N/A 
   C1-Dibenzothiophenes 0.00 11.02 N/A 
   C2-Dibenzothiophenes 0.00 40.11 N/A 
   C3-Dibenzothiophenes 0.00 50.50 N/A 
Fluoranthene 6.33 14.19 N/A 
Pyrene 4.36 17.11 N/A 
   C1-Fluoranthenes/Pyrenes 0.00 21.57 N/A 
   C2-Fluoranthenes/Pyrenes 0.00 34.69 N/A 
   C3-Fluoranthenes/Pyrenes 0.00 20.25 N/A 
Benzo(a)anthracene 2.40 9.89 N/A 
Chrysene 4.38 30.91 N/A 
   C1-Chrysenes 0.00 44.84 N/A 
   C2-Chrysenes 0.00 61.76 N/A 
   C3-Chrysenes 0.00 36.36 N/A 
   C4-Chrysenes 0.00 21.84 N/A 
Benzo(b)fluoranthene 0.00 18.83 N/A 
Benzo(k)fluoranthene 0.00 6.96 N/A 
Benzo(e)pyrene 0.00 17.93 N/A 
Benzo(a)pyrene 0.00 6.00 N/A 
Indeno(1,2,3-c,d)pyrene 0.00 17.25 N/A 
Dibenzo(a,h)anthracene 0.00 5.60 N/A 
Benzo(g,h,i)perylene 0.00 13.66 N/A 
    
Naphthalene/∑Naphthalenes 0.53 0.49 N/A 
Phenanthrene/Anthracene 4.27 2.76 N/A 
Anthracene/178 0.19 0.27 N/A 
C0phen+anth/C0+C1phen+anth  0.56 0.39 N/A 
Fluoranthene/Pyrene 1.45 0.83 N/A 
Fluoranthene/Fluoranthene+Pyrene 0.59 0.45 N/A 
Benz[a]anthracene/Benz[a]anthracene+Chrysene 0.35 0.24 N/A 






6.3.2 2011 Polycyclic Aromatic Hydrocarbons and Diagnostic PAH Molecular Ratios (0-
1 cm, 1-2 cm, 2-3 cm) by Station 
All concentrations are reported as ng/g dry weight sediment. 
GIP 2:  29° 45.368'N, 88° 35.071'W 
Water depth: 30 m 
Date collected: 10/20/2011 
 
Analyte  Interval  
 0-1 cm 1-2 cm 
(ng/g) 
2-3 cm 
TPAH minus Perylene 59.01 173.13 133.44 
Naphthalene 2.79 4.43 3.67 
   C1-Naphthalenes 3.40 5.53 5.15 
   C2-Naphthalenes 4.78 10.00 6.55 
   C3-Naphthalenes 6.80 12.20 8.61 
   C4-Naphthalenes 7.39 10.96 5.23 
Biphenyl 1.22 1.11 1.49 
Acenaphthylene 0.00 0.28 0.52 
Acenaphthene 0.00 0.46 0.44 
Fluorene 0.96 2.31 1.83 
   C1-Fluorenes 1.82 2.88 2.76 
   C2-Fluorenes 0.74 6.44 12.68 
   C3-Fluorenes 1.17 18.89 5.87 
Phenanthrene 8.71 21.40 13.28 
Anthracene 0.00 0.00 0.00 
   C1-Phenanthrenes/Anthracenes 2.63 12.89 3.58 
   C2-Phenanthrenes/Anthracenes 6.12 20.90 2.16 
   C3-Phenanthrenes/Anthracenes 2.17 9.42 4.73 
   C4-Phenanthrenes/Anthracenes 1.48 3.84 3.50 
Dibenzothiophene 0.00 0.46 0.00 
   C1-Dibenzothiophenes 0.00 0.00 0.00 
   C2-Dibenzothiophenes 0.00 0.00 0.00 
   C3-Dibenzothiophenes 0.00 0.00 0.00 
203 
 
Fluoranthene 3.40 6.97 7.76 
Pyrene 2.44 5.49 5.54 
   C1-Fluoranthenes/Pyrenes 0.00 2.05 4.78 
   C2-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
   C3-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
Benzo(a)anthracene 0.00 0.00 1.90 
Chrysene 0.00 2.15 3.64 
   C1-Chrysenes 1.01 1.71 2.76 
   C2-Chrysenes 0.00 0.00 5.10 
   C3-Chrysenes 0.00 0.00 0.00 
   C4-Chrysenes 0.00 0.00 0.00 
Benzo(b)fluoranthene 0.00 5.85 8.16 
Benzo(k)fluoranthene 0.00 1.83 3.25 
Benzo(e)pyrene 0.00 2.44 0.00 
Benzo(a)pyrene 0.00 0.26 6.26 
Indeno(1,2,3-c,d)pyrene 0.00 0.00 0.00 
Dibenzo(a,h)anthracene 0.00 0.00 0.24 
Benzo(g,h,i)perylene 0.00 0.00 1.98 
    
Naphthalene/∑Naphthalenes 0.45 0.44 0.42 
Phenanthrene/Anthracene N/A N/A N/A 
Anthracene/178 0.00 0.00 0.00 
C0phen+anth/C0+C1phen+anth  0.77 0.62 0.79 
Fluoranthene/Pyrene 1.39 1.27 1.40 
Fluoranthene/Fluoranthene+Pyrene 0.58 0.56 0.58 
Benz[a]anthracene/Benz[a]anthracene+Chrysene N/A 0.00 0.34 
Pyrogenic Index 0.15 0.22 0.58 
 
 
GIP 4:  28° 57.257'N, 88° 56.025'W 
Water depth: 130 m 
Date collected: 10/20/2011 
 
Analyte  Interval  
 0-1 cm 1-2 cm 
(ng/g) 
2-3 cm 
TPAH minus Perylene 485.48 333.74 581.76 
Naphthalene 30.02 22.45 6.14 
   C1-Naphthalenes 34.28 25.76 55.58 
204 
 
   C2-Naphthalenes 55.20 35.51 72.83 
   C3-Naphthalenes 11.16 14.76 31.32 
   C4-Naphthalenes 5.53 4.02 2.26 
Biphenyl 2.63 0.00 0.00 
Acenaphthylene 0.00 2.16 1.34 
Acenaphthene 15.27 10.29 5.78 
Fluorene 0.00 0.00 0.00 
   C1-Fluorenes 9.81 28.72 210.31 
   C2-Fluorenes 15.11 2.91 14.22 
   C3-Fluorenes 99.89 63.73 41.37 
Phenanthrene 62.01 0.00 0.00 
Anthracene 43.08 15.81 44.95 
   C1-Phenanthrenes/Anthracenes 51.76 26.06 41.87 
   C2-Phenanthrenes/Anthracenes 28.76 14.67 22.05 
   C3-Phenanthrenes/Anthracenes 4.19 3.20 9.40 
   C4-Phenanthrenes/Anthracenes 0.00 0.00 0.00 
Dibenzothiophene 0.00 0.00 0.00 
   C1-Dibenzothiophenes 0.00 0.00 0.00 
   C2-Dibenzothiophenes 0.00 0.00 0.00 
   C3-Dibenzothiophenes 0.00 16.27 6.27 
Fluoranthene 0.00 11.37 4.21 
Pyrene 0.00 0.00 0.00 
   C1-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
   C2-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
   C3-Fluoranthenes/Pyrenes 0.00 4.12 0.98 
Benzo(a)anthracene 5.53 6.37 1.62 
Chrysene 0.00 2.42 1.64 
   C1-Chrysenes 0.00 0.00 0.00 
   C2-Chrysenes 0.00 0.00 0.00 
   C3-Chrysenes 0.00 0.00 0.00 
   C4-Chrysenes 11.26 6.27 3.39 
Benzo(b)fluoranthene 0.00 7.06 1.13 
Benzo(k)fluoranthene 0.00 6.08 3.10 
Benzo(e)pyrene 0.00 3.73 0.00 
Benzo(a)pyrene 0.00 0.00 0.00 
Indeno(1,2,3-c,d)pyrene 0.00 0.00 0.00 
Dibenzo(a,h)anthracene 0.00 0.00 0.00 
Benzo(g,h,i)perylene 0.00 0.00 0.00 
    
Naphthalene/∑Naphthalenes 0.47 0.47 0.10 
205 
 
Phenanthrene/Anthracene 1.44 0.00 0.00 
Anthracene/178 0.41 1.00 1.00 
C0phen+anth/C0+C1phen+anth  0.67 0.38 0.52 
Fluoranthene/Pyrene N/A N/A N/A 
Fluoranthene/Fluoranthene+Pyrene N/A 1.00 1.00 
Benz[a]anthracene/Benz[a]anthracene+Chrysene 1.00 0.72 0.50 




GIP 6:  28° 30.719'N, 89° 48.409'W 
Water depth: 530 m 
Date collected: 10/21/2011 
Analyte  Interval  
 0-1 cm 1-2 cm 
(ng/g) 
2-3 cm 
TPAH minus Perylene 338.09 95.88 1925.90 
Naphthalene 11.63 5.88 38.22 
   C1-Naphthalenes 17.57 7.68 71.86 
   C2-Naphthalenes 20.75 8.63 107.38 
   C3-Naphthalenes 30.23 3.03 32.99 
   C4-Naphthalenes 8.03 1.02 76.93 
Biphenyl 8.46 3.32 16.38 
Acenaphthylene 0.00 0.00 0.00 
Acenaphthene 0.00 0.00 10.60 
Fluorene 13.61 2.85 39.58 
   C1-Fluorenes 11.22 1.12 0.00 
   C2-Fluorenes 10.97 5.36 393.68 
   C3-Fluorenes 2.16 0.20 148.71 
Phenanthrene 89.58 23.62 301.08 
Anthracene 0.00 0.00 61.47 
   C1-Phenanthrenes/Anthracenes 24.94 1.47 170.11 
   C2-Phenanthrenes/Anthracenes 35.97 1.22 240.80 
   C3-Phenanthrenes/Anthracenes 15.23 1.69 90.74 
   C4-Phenanthrenes/Anthracenes 0.00 0.00 22.13 
Dibenzothiophene 0.00 0.00 0.00 
   C1-Dibenzothiophenes 0.00 0.00 18.07 
   C2-Dibenzothiophenes 0.00 0.00 0.00 
   C3-Dibenzothiophenes 0.00 0.00 0.00 
206 
 
Fluoranthene 13.46 7.67 26.82 
Pyrene 0.00 0.00 22.80 
   C1-Fluoranthenes/Pyrenes 0.00 0.00 3.80 
   C2-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
   C3-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
Benzo(a)anthracene 0.00 0.00 4.01 
Chrysene 5.15 1.33 6.18 
   C1-Chrysenes 2.45 14.84 0.00 
   C2-Chrysenes 9.25 0.00 0.00 
   C3-Chrysenes 0.00 0.00 0.00 
   C4-Chrysenes 0.00 0.00 0.00 
Benzo(b)fluoranthene 3.58 4.95 11.53 
Benzo(k)fluoranthene 1.15 0.00 3.31 
Benzo(e)pyrene 0.00 0.00 4.42 
Benzo(a)pyrene 2.72 0.00 0.00 
Indeno(1,2,3-c,d)pyrene 0.00 0.00 0.00 
Dibenzo(a,h)anthracene 0.00 0.00 0.00 
Benzo(g,h,i)perylene 0.00 0.00 2.29 
    
Naphthalene/∑Naphthalenes 0.40 0.43 0.35 
Phenanthrene/Anthracene N/A N/A 4.90 
Anthracene/178 0.00 0.00 0.17 
C0phen+anth/C0+C1phen+anth  0.78 0.94 0.68 
Fluoranthene/Pyrene N/A N/A 1.18 
Fluoranthene/Fluoranthene+Pyrene 1.00 1.00 0.54 
Benz[a]anthracene/Benz[a]anthracene+Chrysene 0.00 0.00 0.39 
Pyrogenic Index 0.14 0.30 0.24 
 
GIP 11:  28° 14.216'N, 88° 21.528'W 
Water depth: 1980 m 
Date collected: 10/22/2011 
 
Analyte  Interval  
 0-1 cm 1-2 cm 
(ng/g) 
2-3 cm 
TPAH minus Perylene 158.78 510.69 52.48 
Naphthalene 9.00 16.67 3.41 
   C1-Naphthalenes 11.22 14.94 3.15 
   C2-Naphthalenes 8.30 23.63 2.77 
207 
 
   C3-Naphthalenes 15.43 21.09 2.29 
   C4-Naphthalenes 5.56 12.17 0.24 
Biphenyl 3.29 5.42 1.11 
Acenaphthylene 2.03 0.00 0.00 
Acenaphthene 1.55 0.00 0.00 
Fluorene 7.26 13.88 1.70 
   C1-Fluorenes 3.39 0.00 1.37 
   C2-Fluorenes 0.70 30.94 7.92 
   C3-Fluorenes 3.77 22.11 1.45 
Phenanthrene 32.41 104.61 11.85 
Anthracene 0.61 87.48 5.88 
   C1-Phenanthrenes/Anthracenes 10.77 60.12 0.00 
   C2-Phenanthrenes/Anthracenes 10.79 62.41 0.56 
   C3-Phenanthrenes/Anthracenes 5.55 15.98 1.31 
   C4-Phenanthrenes/Anthracenes 3.22 4.56 2.96 
Dibenzothiophene 0.00 0.00 0.00 
   C1-Dibenzothiophenes 0.00 0.00 0.00 
   C2-Dibenzothiophenes 0.00 0.00 0.00 
   C3-Dibenzothiophenes 0.55 0.00 0.00 
Fluoranthene 8.38 10.88 2.22 
Pyrene 2.44 3.81 0.94 
   C1-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
   C2-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
   C3-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
Benzo(a)anthracene 1.05 0.00 0.00 
Chrysene 4.28 0.00 0.51 
   C1-Chrysenes 0.00 0.00 0.00 
   C2-Chrysenes 0.00 0.00 0.00 
   C3-Chrysenes 0.00 0.00 0.00 
   C4-Chrysenes 0.00 0.00 0.00 
Benzo(b)fluoranthene 6.20 0.00 0.51 
Benzo(k)fluoranthene 1.05 0.00 0.34 
Benzo(e)pyrene 0.00 0.00 0.00 
Benzo(a)pyrene 0.00 0.00 0.00 
Indeno(1,2,3-c,d)pyrene 0.00 0.00 0.00 
Dibenzo(a,h)anthracene 0.00 0.00 0.00 
Benzo(g,h,i)perylene 0.00 0.00 0.00 
    
Naphthalene/∑Naphthalenes 0.44 0.53 0.52 
Phenanthrene/Anthracene 53.04 1.20 2.01 
208 
 
Anthracene/178 0.02 0.46 0.33 
C0phen+anth/C0+C1phen+anth  0.75 0.76 1.00 
Fluoranthene/Pyrene 3.43 2.86 2.36 
Fluoranthene/Fluoranthene+Pyrene 0.77 0.74 0.70 
Benz[a]anthracene/Benz[a]anthracene+Chrysene 0.20 N/A 0.00 
Pyrogenic Index 0.35 0.38 0.43 
 
GIP 13:  28° 40.100'N, 88° 52.327'W 
Water depth: 1026 m 
Date collected: 10/23/2011 
 
Analyte  Interval  
 0-1 cm 1-2 cm 
(ng/g) 
2-3 cm 
TPAH minus Perylene 16582.77 376.91 259.88 
Naphthalene 11.50 7.12 8.98 
   C1-Naphthalenes 18.85 10.68 12.34 
   C2-Naphthalenes 21.50 12.96 16.23 
   C3-Naphthalenes 39.85 20.88 21.03 
   C4-Naphthalenes 15.91 12.06 13.63 
Biphenyl 7.07 3.37 2.62 
Acenaphthylene 1.13 0.96 0.75 
Acenaphthene 0.00 0.48 0.94 
Fluorene 13.29 3.94 4.39 
   C1-Fluorenes 9.31 3.52 0.00 
   C2-Fluorenes 21.85 9.13 10.93 
   C3-Fluorenes 95.88 6.34 1.64 
Phenanthrene 107.47 29.14 31.60 
Anthracene 2.55 0.79 8.94 
   C1-Phenanthrenes/Anthracenes 361.98 14.76 13.94 
   C2-Phenanthrenes/Anthracenes 3123.10 37.81 14.00 
   C3-Phenanthrenes/Anthracenes 5097.89 83.69 14.41 
   C4-Phenanthrenes/Anthracenes 3334.51 40.12 5.33 
Dibenzothiophene 4.90 0.44 0.00 
   C1-Dibenzothiophenes 20.42 0.00 0.00 
   C2-Dibenzothiophenes 318.92 0.00 0.00 
   C3-Dibenzothiophenes 708.67 0.00 0.00 
Fluoranthene 147.06 11.26 10.20 
Pyrene 401.38 13.99 10.03 
209 
 
   C1-Fluoranthenes/Pyrenes 2625.76 19.62 6.80 
   C2-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
   C3-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
Benzo(a)anthracene 13.87 1.14 2.84 
Chrysene 9.31 0.00 9.28 
   C1-Chrysenes 3.30 6.22 4.81 
   C2-Chrysenes 2.03 5.70 0.00 
   C3-Chrysenes 0.00 0.00 0.00 
   C4-Chrysenes 0.00 0.00 0.00 
Benzo(b)fluoranthene 15.77 10.03 13.96 
Benzo(k)fluoranthene 3.71 4.58 4.18 
Benzo(e)pyrene 13.39 6.20 3.73 
Benzo(a)pyrene 0.00 0.00 4.68 
Indeno(1,2,3-c,d)pyrene 6.18 0.00 1.25 
Dibenzo(a,h)anthracene 0.00 0.00 0.00 
Benzo(g,h,i)perylene 4.47 0.00 6.43 
    
Naphthalene/∑Naphthalenes 0.38 0.40 0.42 
Phenanthrene/Anthracene 42.22 36.80 3.53 
Anthracene/178 0.02 0.03 0.22 
C0phen+anth/C0+C1phen+anth  0.23 0.67 0.74 
Fluoranthene/Pyrene 0.37 0.81 1.02 
Fluoranthene/Fluoranthene+Pyrene 0.27 0.45 0.50 
Benz[a]anthracene/Benz[a]anthracene+Chrysene 0.60 1.00 0.23 
Pyrogenic Index 0.05 0.19 0.60 
 
GIP 15:  28° 44.315'N, 88° 33.643'W 
Water depth: 1189 m 
Date collected: 10/24/2011 
Analyte  Interval  
 0-1 cm 1-2 cm 
(ng/g) 
2-3 cm 
TPAH minus Perylene 338.09 95.88 163.97 
Naphthalene 11.63 5.88 6.28 
   C1-Naphthalenes 17.57 7.68 8.71 
   C2-Naphthalenes 20.75 8.63 12.50 
   C3-Naphthalenes 30.23 3.03 10.90 
   C4-Naphthalenes 8.03 1.02 4.47 
Biphenyl 8.46 3.32 4.03 
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Acenaphthylene 0.00 0.00 0.28 
Acenaphthene 0.00 0.00 0.00 
Fluorene 13.61 2.85 5.06 
   C1-Fluorenes 11.22 1.12 0.00 
   C2-Fluorenes 10.97 5.36 11.06 
   C3-Fluorenes 2.16 0.20 0.43 
Phenanthrene 89.58 23.62 33.72 
Anthracene 0.00 0.00 0.00 
   C1-Phenanthrenes/Anthracenes 24.94 1.47 10.43 
   C2-Phenanthrenes/Anthracenes 35.97 1.22 9.30 
   C3-Phenanthrenes/Anthracenes 15.23 1.69 5.31 
   C4-Phenanthrenes/Anthracenes 0.00 0.00 6.07 
Dibenzothiophene 0.00 0.00 0.00 
   C1-Dibenzothiophenes 0.00 0.00 0.00 
   C2-Dibenzothiophenes 0.00 0.00 0.00 
   C3-Dibenzothiophenes 0.00 0.00 0.29 
Fluoranthene 13.46 7.67 7.88 
Pyrene 0.00 0.00 2.99 
   C1-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
   C2-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
   C3-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
Benzo(a)anthracene 0.00 0.00 0.00 
Chrysene 5.15 1.33 3.26 
   C1-Chrysenes 2.45 14.84 5.84 
   C2-Chrysenes 9.25 0.00 7.27 
   C3-Chrysenes 0.00 0.00 0.00 
   C4-Chrysenes 0.00 0.00 0.00 
Benzo(b)fluoranthene 3.58 4.95 4.44 
Benzo(k)fluoranthene 1.15 0.00 2.63 
Benzo(e)pyrene 0.00 0.00 0.85 
Benzo(a)pyrene 2.72 0.00 0.00 
Indeno(1,2,3-c,d)pyrene 0.00 0.00 0.00 
Dibenzo(a,h)anthracene 0.00 0.00 0.00 
Benzo(g,h,i)perylene 0.00 0.00 0.00 
    
Naphthalene/∑Naphthalenes 0.40 0.43 0.42 
Phenanthrene/Anthracene N/A N/A N/A 
Anthracene/178 0.00 0.00 0.00 
C0phen+anth/C0+C1phen+anth  0.78 0.94 0.76 
Fluoranthene/Pyrene N/A N/A 2.64 
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Fluoranthene/Fluoranthene+Pyrene 1.00 1.00 0.73 
Benz[a]anthracene/Benz[a]anthracene+Chrysene 0.00 0.00 0.00 
Pyrogenic Index 0.14 0.30 0.24 
 
 
GIP 16:  28° 43.788'N, 88° 24.619'W 
Water depth: 1547 m 
Date collected: 10/25/2011 
 
Analyte  Interval  
 0-1 cm 1-2 cm 
(ng/g) 
2-3 cm 
TPAH minus Perylene 206.37 91.77 331.04 
Naphthalene 7.01 5.69 15.56 
   C1-Naphthalenes 15.32 11.57 25.22 
   C2-Naphthalenes 18.24 13.58 6.87 
   C3-Naphthalenes 10.23 3.09 3.05 
   C4-Naphthalenes 2.93 1.76 0.00 
Biphenyl 3.45 2.24 11.27 
Acenaphthylene 0.00 0.00 0.00 
Acenaphthene 0.00 0.00 0.00 
Fluorene 3.78 1.87 18.24 
   C1-Fluorenes 3.33 3.63 4.32 
   C2-Fluorenes 6.56 6.23 23.93 
   C3-Fluorenes 0.00 0.59 0.72 
Phenanthrene 26.76 20.15 146.22 
Anthracene 23.74 6.72 0.00 
   C1-Phenanthrenes/Anthracenes 8.41 0.18 24.90 
   C2-Phenanthrenes/Anthracenes 4.11 0.00 18.80 
   C3-Phenanthrenes/Anthracenes 4.78 0.00 10.24 
   C4-Phenanthrenes/Anthracenes 0.00 0.97 3.29 
Dibenzothiophene 0.00 0.00 0.00 
   C1-Dibenzothiophenes 0.00 0.00 0.00 
   C2-Dibenzothiophenes 3.74 0.37 0.00 
   C3-Dibenzothiophenes 2.06 0.00 0.00 
Fluoranthene 5.21 0.00 14.94 
Pyrene 0.00 0.00 0.00 
   C1-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
   C2-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
   C3-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
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Benzo(a)anthracene 0.00 0.00 0.00 
Chrysene 3.29 0.00 0.00 
   C1-Chrysenes 8.34 7.89 0.00 
   C2-Chrysenes 30.13 5.24 0.00 
   C3-Chrysenes 0.00 0.00 0.00 
   C4-Chrysenes 0.00 0.00 0.00 
Benzo(b)fluoranthene 7.53 0.00 3.45 
Benzo(k)fluoranthene 6.36 0.00 0.00 
Benzo(e)pyrene 0.00 0.00 0.00 
Benzo(a)pyrene 1.06 0.00 0.00 
Indeno(1,2,3-c,d)pyrene 0.00 0.00 0.00 
Dibenzo(a,h)anthracene 0.00 0.00 0.00 
Benzo(g,h,i)perylene 0.00 0.00 0.00 
    
Naphthalene/∑Naphthalenes 0.15 0.19 0.44 
Phenanthrene/Anthracene 1.13 3.00 N/A 
Anthracene/178 0.47 0.25 0.00 
C0phen+anth/C0+C1phen+anth  0.86 0.99 0.85 
Fluoranthene/Pyrene N/A N/A N/A 
Fluoranthene/Fluoranthene+Pyrene 1.00 N/A 1.00 
Benz[a]anthracene/Benz[a]anthracene+ 
Chrysene 
0.00 N/A 0.00 
Pyrogenic Index 0.53 0.12 0.15 
 
GIP 17:  28° 38.237'N, 89° 31.128'W 
Water depth: 1601 m 
Date collected: 10/23/2011 
 
Analyte  Interval  
 0-1 cm 1-2 cm 
(ng/g) 
2-3 cm 
TPAH minus Perylene 283.75 88.15 84.67 
Naphthalene 4.55 3.00 5.05 
   C1-Naphthalenes 12.59 4.68 6.45 
   C2-Naphthalenes 6.56 7.35 7.70 
   C3-Naphthalenes 8.73 5.09 8.25 
   C4-Naphthalenes 3.00 2.65 2.75 
Biphenyl 3.82 1.97 3.27 
Acenaphthylene 0.00 0.28 0.28 
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Acenaphthene 0.00 0.00 0.00 
Fluorene 3.18 0.56 2.34 
   C1-Fluorenes 0.00 0.00 0.00 
   C2-Fluorenes 5.12 0.00 4.55 
   C3-Fluorenes 5.28 0.00 0.46 
Phenanthrene 31.56 8.61 23.85 
Anthracene 0.00 0.00 0.00 
   C1-Phenanthrenes/Anthracenes 0.27 0.00 1.31 
   C2-Phenanthrenes/Anthracenes 2.20 0.00 1.82 
   C3-Phenanthrenes/Anthracenes 0.00 0.00 2.18 
   C4-Phenanthrenes/Anthracenes 0.00 2.84 2.66 
Dibenzothiophene 0.00 0.00 0.00 
   C1-Dibenzothiophenes 0.00 0.00 0.00 
   C2-Dibenzothiophenes 0.00 0.00 0.00 
   C3-Dibenzothiophenes 0.00 0.00 0.00 
Fluoranthene 7.28 6.26 4.95 
Pyrene 0.00 0.00 0.44 
   C1-Fluoranthenes/Pyrenes 0.00 0.00 1.29 
   C2-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
   C3-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
Benzo(a)anthracene 14.33 0.00 0.00 
Chrysene 0.00 0.00 1.32 
   C1-Chrysenes 61.59 0.00 2.76 
   C2-Chrysenes 113.70 19.38 0.99 
   C3-Chrysenes 0.00 14.01 0.00 
   C4-Chrysenes 0.00 0.00 0.00 
Benzo(b)fluoranthene 0.00 0.00 0.00 
Benzo(k)fluoranthene 0.00 11.48 0.00 
Benzo(e)pyrene 0.00 0.00 0.00 
Benzo(a)pyrene 0.00 0.00 0.00 
Indeno(1,2,3-c,d)pyrene 0.00 0.00 0.00 
Dibenzo(a,h)anthracene 0.00 0.00 0.00 
Benzo(g,h,i)perylene 0.00 0.00 0.00 
    
Naphthalene/∑Naphthalenes 0.27 0.39 0.44 
Phenanthrene/Anthracene N/A N/A N/A 
Anthracene/178 0.00 0.00 0.00 
C0phen+anth/C0+C1phen+anth  0.99 1.00 0.95 
Fluoranthene/Pyrene N/A N/A N/A 
Fluoranthene/Fluoranthene+Pyrene 1.00 1.00 0.92 
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Benz[a]anthracene/Benz[a]anthracene+Chrysene 1.00 N/A 0.00 





GIP 18:  28° 44.336'N, 88° 20.416'W 
Water depth: 1584 m 
Date collected: 10/25/2011 
Analyte  Interval  
 0-1 cm 1-2 cm 
(ng/g) 
2-3 cm 
TPAH minus Perylene 160.98 163.08 55.83 
Naphthalene 5.46 5.83 3.71 
   C1-Naphthalenes 10.66 7.00 5.38 
   C2-Naphthalenes 4.10 8.76 4.66 
   C3-Naphthalenes 3.66 1.90 1.97 
   C4-Naphthalenes 0.72 0.00 0.27 
Biphenyl 5.26 6.19 1.86 
Acenaphthylene 0.00 0.00 0.00 
Acenaphthene 0.00 0.00 0.00 
Fluorene 5.92 8.17 1.95 
   C1-Fluorenes 2.23 4.43 2.07 
   C2-Fluorenes 6.86 11.90 1.67 
   C3-Fluorenes 1.33 3.64 0.00 
Phenanthrene 46.51 65.26 14.66 
Anthracene 0.13 0.00 0.00 
   C1-Phenanthrenes/Anthracenes 14.22 12.53 4.26 
   C2-Phenanthrenes/Anthracenes 11.54 5.39 0.95 
   C3-Phenanthrenes/Anthracenes 1.57 3.98 0.50 
   C4-Phenanthrenes/Anthracenes 1.84 2.76 1.49 
Dibenzothiophene 0.00 0.00 0.00 
   C1-Dibenzothiophenes 0.00 0.00 0.00 
   C2-Dibenzothiophenes 0.00 0.00 0.00 
   C3-Dibenzothiophenes 0.00 0.00 0.00 
Fluoranthene 6.32 7.71 6.35 
Pyrene 0.00 0.00 0.29 
   C1-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
   C2-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
   C3-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
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Benzo(a)anthracene 0.00 0.00 0.00 
Chrysene 4.61 0.85 0.00 
   C1-Chrysenes 0.00 3.42 1.02 
   C2-Chrysenes 7.92 0.98 0.00 
   C3-Chrysenes 0.00 0.00 0.00 
   C4-Chrysenes 0.00 0.00 0.00 
Benzo(b)fluoranthene 13.42 2.37 1.25 
Benzo(k)fluoranthene 0.00 0.00 1.54 
Benzo(e)pyrene 0.00 0.00 0.00 
Benzo(a)pyrene 6.71  0.00 
Indeno(1,2,3-c,d)pyrene 0.00 0.00 0.00 
Dibenzo(a,h)anthracene 0.00 0.00 0.00 
Benzo(g,h,i)perylene 0.00 0.00 0.00 
    
Naphthalene/∑Naphthalenes 0.34 0.45 0.41 
Phenanthrene/Anthracene 353.50 N/A N/A 
Anthracene/178 0.00 0.00 0.00 
C0phen+anth/C0+C1phen+anth  0.77 0.84 0.78 
Fluoranthene/Pyrene N/A N/A 22.00 
Fluoranthene/Fluoranthene+Pyrene 1.00 1.00 0.96 
Benz[a]anthracene/Benz[a]anthracene+Chrysene 0.00 0.00 N/A 
Pyrogenic Index 0.47 0.16 0.39 
 
GIP 20:  28° 45.393'N, 88° 9.595'W 
Water depth: 1772 m 
Date collected: 10/27/2011 
Analyte  Interval  
 0-1 cm 1-2 cm 
(ng/g) 
2-3 cm 
TPAH minus Perylene 236.68 159.62 71.82 
Naphthalene 5.19 6.97 2.51 
   C1-Naphthalenes 7.75 8.42 2.42 
   C2-Naphthalenes 10.97 6.85 2.20 
   C3-Naphthalenes 13.56 6.28 1.13 
   C4-Naphthalenes 8.62 4.50 0.50 
Biphenyl 3.96 5.02 2.25 
Acenaphthylene 0.00 0.00 0.00 
Acenaphthene 0.00 0.00 0.00 
Fluorene 5.90 9.36 2.86 
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   C1-Fluorenes 4.69 2.67 1.93 
   C2-Fluorenes 11.09 12.60 2.51 
   C3-Fluorenes 20.17 5.68 0.40 
Phenanthrene 57.40 56.48 29.00 
Anthracene 0.00 0.00 0.00 
   C1-Phenanthrenes/Anthracenes 24.83 7.25 5.44 
   C2-Phenanthrenes/Anthracenes 27.27 1.60 2.77 
   C3-Phenanthrenes/Anthracenes 6.44 3.60 2.99 
   C4-Phenanthrenes/Anthracenes 4.69 6.91 2.64 
Dibenzothiophene 0.00 0.00 0.00 
   C1-Dibenzothiophenes 0.00 0.00 0.00 
   C2-Dibenzothiophenes 0.00 0.00 0.00 
   C3-Dibenzothiophenes 0.00 0.00 0.00 
Fluoranthene 9.20 5.72 5.14 
Pyrene 2.52 2.08 0.37 
   C1-Fluoranthenes/Pyrenes 0.00 0.00 0.36 
   C2-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
   C3-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
Benzo(a)anthracene 0.00 0.00 0.00 
Chrysene 3.58 1.78 1.86 
   C1-Chrysenes 0.00 0.63 0.00 
   C2-Chrysenes 1.42 0.00 0.00 
   C3-Chrysenes 0.00 0.00 0.00 
   C4-Chrysenes 0.00 0.00 0.00 
Benzo(b)fluoranthene 5.21 3.12 2.53 
Benzo(k)fluoranthene 1.55 2.08 0.00 
Benzo(e)pyrene 0.35 0.00 0.00 
Benzo(a)pyrene 0.33 0.00 0.00 
Indeno(1,2,3-c,d)pyrene 0.00 0.00 0.00 
Dibenzo(a,h)anthracene 0.00 0.00 0.00 
Benzo(g,h,i)perylene 0.00 0.00 0.00 
    
Naphthalene/∑Naphthalenes 0.40 0.40 0.45 
Phenanthrene/Anthracene N/A N/A N/A 
Anthracene/178 0.00 0.00 0.00 
C0phen+anth/C0+C1phen+anth  0.70 0.70 0.89 
Fluoranthene/Pyrene 3.65 3.65 2.75 
Fluoranthene/Fluoranthene+Pyrene 0.78 0.78 0.73 
Benz[a]anthracene/Benz[a]anthracene+Chrysene 0.00 0.00 0.00 




GIP 23:  28° 51.774'N, 88° 11.835'W 
Water depth: 1372 m 
Date collected: 10/27/2011 
 
Analyte  Interval  
 0-1 cm 1-2 cm 
(ng/g) 
2-3 cm 
TPAH minus Perylene 25.55 63.53 60.76 
Naphthalene 2.13 3.41 1.02 
   C1-Naphthalenes 2.32 4.45 3.17 
   C2-Naphthalenes 0.75 3.03 2.24 
   C3-Naphthalenes 0.71 1.23 0.55 
   C4-Naphthalenes 0.42 0.64 0.66 
Biphenyl 1.39 1.99 0.61 
Acenaphthylene 0.00 0.00 0.00 
Acenaphthene 0.00 0.00 0.00 
Fluorene 0.74 1.52 1.23 
   C1-Fluorenes 0.28 1.35 2.79 
   C2-Fluorenes 0.28 1.22 4.32 
   C3-Fluorenes 0.93 0.00 0.00 
Phenanthrene 6.95 18.75 11.96 
Anthracene 0.56 0.00 0.00 
   C1-Phenanthrenes/Anthracenes 0.45 3.77 5.17 
   C2-Phenanthrenes/Anthracenes 0.55 2.02 1.74 
   C3-Phenanthrenes/Anthracenes 0.21 1.32 3.63 
   C4-Phenanthrenes/Anthracenes 0.29 1.72 1.73 
Dibenzothiophene 0.00 0.00 0.00 
   C1-Dibenzothiophenes 0.11 0.00 0.00 
   C2-Dibenzothiophenes 0.40 2.80 4.28 
   C3-Dibenzothiophenes 0.00 0.00 0.00 
Fluoranthene 4.86 5.80 4.50 
Pyrene 0.00 0.00 0.00 
   C1-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
   C2-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
   C3-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
Benzo(a)anthracene 0.00 0.00 0.61 
Chrysene 0.00 0.00 1.21 
   C1-Chrysenes 0.34 3.62 3.28 
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   C2-Chrysenes 0.32 3.71 1.99 
   C3-Chrysenes 0.00 0.00 0.00 
   C4-Chrysenes 0.00 0.00 0.00 
Benzo(b)fluoranthene 0.19 0.72 3.03 
Benzo(k)fluoranthene 0.38 0.45 0.43 
Benzo(e)pyrene 0.00 0.00 0.00 
Benzo(a)pyrene 0.00 0.00 0.61 
Indeno(1,2,3-c,d)pyrene 0.00 0.00 0.00 
Dibenzo(a,h)anthracene 0.00 0.00 0.00 
Benzo(g,h,i)perylene 0.00 0.00 0.00 
    
Naphthalene/∑Naphthalenes 0.48 0.43 0.24 
Phenanthrene/Anthracene 12.50 N/A N/A 
Anthracene/178 0.07 0.00 0.00 
C0phen+anth/C0+C1phen+anth  0.94 0.83 0.70 
Fluoranthene/Pyrene N/A N/A N/A 
Fluoranthene/Fluoranthene+Pyrene 1.00 1.00 1.00 
Benz[a]anthracene/Benz[a]anthracene+Chrysene N/A N/A 0.33 
Pyrogenic Index 0.72 0.23 0.29 
 
GIP 24:  28° 46.235'N, 88° 22.874'W 
Water depth: 1419 m 
Date collected: 10/25/2011 
 
Analyte  Interval  
 0-1 cm 1-2 cm 
(ng/g) 
2-3 cm 
TPAH minus Perylene 203.67 87.33 217.73 
Naphthalene 7.11 2.73 8.35 
   C1-Naphthalenes 11.82 2.73 9.14 
   C2-Naphthalenes 10.71 6.28 14.15 
   C3-Naphthalenes 13.49 5.62 16.19 
   C4-Naphthalenes 3.08 4.28 8.36 
Biphenyl 4.63 1.73 3.46 
Acenaphthylene 0.00 0.00 0.00 
Acenaphthene 0.00 0.00 0.00 
Fluorene 4.22 1.09 4.63 
   C1-Fluorenes 0.00 2.69 3.07 
   C2-Fluorenes 4.90 1.04 42.46 
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   C3-Fluorenes 1.57 2.38 8.00 
Phenanthrene 47.78 13.21 39.41 
Anthracene 0.00 0.00 0.00 
   C1-Phenanthrenes/Anthracenes 14.10 0.00 11.39 
   C2-Phenanthrenes/Anthracenes 11.89 3.45 15.00 
   C3-Phenanthrenes/Anthracenes 5.07 2.02 4.31 
   C4-Phenanthrenes/Anthracenes 3.02 2.49 1.89 
Dibenzothiophene 0.00 0.00 0.00 
   C1-Dibenzothiophenes 0.00 0.00 0.00 
   C2-Dibenzothiophenes 0.00 0.00 0.00 
   C3-Dibenzothiophenes 0.00 0.00 0.00 
Fluoranthene 6.64 6.75 8.31 
Pyrene 2.01 0.32 0.34 
   C1-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
   C2-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
   C3-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
Benzo(a)anthracene 0.00 3.25 0.00 
Chrysene 5.74 3.57 3.26 
   C1-Chrysenes 4.77 4.11 4.00 
   C2-Chrysenes 23.88 8.16 7.29 
   C3-Chrysenes 11.00 0.00 0.00 
   C4-Chrysenes 0.00 0.00 0.00 
Benzo(b)fluoranthene 4.23 6.91 4.71 
Benzo(k)fluoranthene 2.01 0.56 0.00 
Benzo(e)pyrene 0.00 1.96 0.00 
Benzo(a)pyrene 0.00 0.00 0.00 
Indeno(1,2,3-c,d)pyrene 0.00 0.00 0.00 
Dibenzo(a,h)anthracene 0.00 0.00 0.00 
Benzo(g,h,i)perylene 0.00 0.00 0.00 
    
Naphthalene/∑Naphthalenes 0.38 0.50 0.48 
Phenanthrene/Anthracene N/A N/A N/A 
Anthracene/178 0.00 0.00 0.00 
C0phen+anth/C0+C1phen+anth  0.77 1.00 0.78 
Fluoranthene/Pyrene 3.30 21.25 24.25 
Fluoranthene/Fluoranthene+Pyrene 0.77 0.96 0.96 
Benz[a]anthracene/Benz[a]anthracene+Chrysene 0.00 0.48 0.00 






GIP 25:  28° 55.602'N, 88° 19.579'W 
Water depth: 1170 m 
Date collected: 10/27/2011 
Analyte  Interval  
 0-1 cm 1-2 cm 
(ng/g) 
2-3 cm 
TPAH minus Perylene 511.95 655.12 189.17 
Naphthalene 11.98 29.91 12.97 
   C1-Naphthalenes 22.51 36.18 15.82 
   C2-Naphthalenes 13.97 26.40 5.22 
   C3-Naphthalenes 10.61 30.19 5.66 
   C4-Naphthalenes 5.87 12.00 2.31 
Biphenyl 9.99 14.02 4.87 
Acenaphthylene 0.00 0.00 0.64 
Acenaphthene 0.00 0.00 0.00 
Fluorene 12.98 19.22 5.70 
   C1-Fluorenes 45.06 0.00 1.49 
   C2-Fluorenes 24.00 9.79 3.76 
   C3-Fluorenes 0.00 22.10 5.08 
Phenanthrene 173.74 229.49 58.96 
Anthracene 18.81 59.55 18.54 
   C1-Phenanthrenes/Anthracenes 65.01 29.41 6.71 
   C2-Phenanthrenes/Anthracenes 28.65 46.79 5.21 
   C3-Phenanthrenes/Anthracenes 12.82 20.29 3.26 
   C4-Phenanthrenes/Anthracenes 9.22 11.95 0.99 
Dibenzothiophene 0.00 0.00 0.00 
   C1-Dibenzothiophenes 0.00 0.00 0.00 
   C2-Dibenzothiophenes 0.00 0.00 0.00 
   C3-Dibenzothiophenes 0.00 0.00 0.00 
Fluoranthene 18.38 19.85 11.86 
Pyrene 1.44 1.42 2.12 
   C1-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
   C2-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
   C3-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
Benzo(a)anthracene 2.44 1.03 0.00 
Chrysene 0.00 4.64 5.81 
   C1-Chrysenes 7.06 6.57 0.59 
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   C2-Chrysenes 8.96 11.75 0.00 
   C3-Chrysenes 0.00 0.00 0.00 
   C4-Chrysenes 0.00 0.00 0.00 
Benzo(b)fluoranthene 6.46 7.22 10.13 
Benzo(k)fluoranthene 2.01 0.00 1.18 
Benzo(e)pyrene 0.00 3.67 0.29 
Benzo(a)pyrene 0.00 1.68 0.00 
Indeno(1,2,3-c,d)pyrene 0.00 0.00 0.00 
Dibenzo(a,h)anthracene 0.00 0.00 0.00 
Benzo(g,h,i)perylene 0.00 0.00 0.00 
    
Naphthalene/∑Naphthalenes 0.35 0.45 0.45 
Phenanthrene/Anthracene 9.24 3.85 3.18 
Anthracene/178 0.10 0.21 0.24 
C0phen+anth/C0+C1phen+anth  0.75 0.91 0.92 
Fluoranthene/Pyrene 12.80 14.00 5.59 
Fluoranthene/Fluoranthene+Pyrene 0.93 0.93 0.85 
Benz[a]anthracene/Benz[a]anthracene+Chrysene 1.00 0.18 0.00 
Pyrogenic Index 0.20 0.38 0.90 
 
GIP D:  28° 41.365'N, 88° 22.549'W 
Water depth: 1636 m 
Date collected: 10/26/2011 
 
Analyte  Interval  
 0-1 cm 1-2 cm 
(ng/g) 
2-3 cm 
TPAH minus Perylene 156.34 104.72 148.35 
Naphthalene 3.43 3.16 10.37 
   C1-Naphthalenes 7.59 13.53 3.34 
   C2-Naphthalenes 4.46 2.46 14.65 
   C3-Naphthalenes 4.02 0.73 7.16 
   C4-Naphthalenes 0.86 0.00 6.49 
Biphenyl 3.88 2.75 6.15 
Acenaphthylene 0.00 0.00 0.00 
Acenaphthene 0.00 0.00 0.00 
Fluorene 3.07 3.16 1.14 
   C1-Fluorenes 0.00 14.85 0.00 
   C2-Fluorenes 4.70 4.61 12.79 
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   C3-Fluorenes 0.00 0.00 3.27 
Phenanthrene 50.39 32.38 19.07 
Anthracene 16.93 0.00 0.00 
   C1-Phenanthrenes/Anthracenes 11.82 7.15 13.63 
   C2-Phenanthrenes/Anthracenes 6.64 3.38 13.43 
   C3-Phenanthrenes/Anthracenes 5.31 4.69 11.81 
   C4-Phenanthrenes/Anthracenes 5.99 1.77 13.24 
Dibenzothiophene 0.00 0.00 0.00 
   C1-Dibenzothiophenes 0.00 0.00 0.00 
   C2-Dibenzothiophenes 0.00 0.00 0.00 
   C3-Dibenzothiophenes 0.00 0.00 0.00 
Fluoranthene 12.67 6.45 6.09 
Pyrene 7.60 0.52 0.85 
   C1-Fluoranthenes/Pyrenes 0.00 0.28 0.00 
   C2-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
   C3-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
Benzo(a)anthracene 0.00 0.00 0.00 
Chrysene 0.00 0.39 1.00 
   C1-Chrysenes 2.70 0.00 0.00 
   C2-Chrysenes 0.00 0.00 0.00 
   C3-Chrysenes 0.00 0.00 0.00 
   C4-Chrysenes 0.00 0.00 0.00 
Benzo(b)fluoranthene 4.25 2.45 3.39 
Benzo(k)fluoranthene 0.00 0.00 0.46 
Benzo(e)pyrene 0.00 0.00 0.00 
Benzo(a)pyrene 0.00 0.00 0.00 
Indeno(1,2,3-c,d)pyrene 0.00 0.00 0.00 
Dibenzo(a,h)anthracene 0.00 0.00 0.00 
Benzo(g,h,i)perylene 0.00 0.00 0.00 
    
Naphthalene/∑Naphthalenes 0.31 0.19 0.76 
Phenanthrene/Anthracene 2.98 N/A N/A 
Anthracene/178 0.25 0.00 0.00 
C0phen+anth/C0+C1phen+anth  0.85 0.82 0.58 
Fluoranthene/Pyrene 1.67 12.43 7.18 
Fluoranthene/Fluoranthene+Pyrene 0.63 0.93 0.88 
Benz[a]anthracene/Benz[a]anthracene+Chrysene N/A N/A 0.00 





GIP E:  28° 38.478'N, 88° 21.085'W 
Water depth: 1727 m 
Date collected: 10/26/2011 
 
Analyte  Interval  
 0-1 cm 1-2 cm 
(ng/g) 
2-3 cm 
TPAH minus Perylene 229.29 68.07 62.63 
Naphthalene 4.73 3.09 1.96 
   C1-Naphthalenes 6.55 3.18 2.13 
   C2-Naphthalenes 4.03 2.90 2.23 
   C3-Naphthalenes 5.87 5.07 4.70 
   C4-Naphthalenes 5.13 4.71 3.36 
Biphenyl 0.00 1.82 1.57 
Acenaphthylene 0.00 0.55 0.22 
Acenaphthene 0.45 0.00 0.00 
Fluorene 1.55 1.00 0.74 
   C1-Fluorenes 0.00 1.96 1.58 
   C2-Fluorenes 19.96 1.03 14.57 
   C3-Fluorenes 14.23 0.00 0.44 
Phenanthrene 37.64 8.92 9.87 
Anthracene 10.10 0.16 0.13 
   C1-Phenanthrenes/Anthracenes 13.23 3.64 3.57 
   C2-Phenanthrenes/Anthracenes 37.24 1.08 1.05 
   C3-Phenanthrenes/Anthracenes 17.95 1.06 2.41 
   C4-Phenanthrenes/Anthracenes 3.83 1.28 2.43 
Dibenzothiophene 0.00 0.00 0.00 
   C1-Dibenzothiophenes 0.00 0.00 0.00 
   C2-Dibenzothiophenes 3.31 1.56 0.40 
   C3-Dibenzothiophenes 0.00 0.00 0.00 
Fluoranthene 9.51 5.02 2.70 
Pyrene 6.73 3.78 1.39 
   C1-Fluoranthenes/Pyrenes 0.00 0.00 0.16 
   C2-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
   C3-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
Benzo(a)anthracene 0.00 1.81 0.00 
Chrysene 3.62 4.85 1.09 
   C1-Chrysenes 3.40 2.10 0.00 
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   C2-Chrysenes 4.94 0.00 0.00 
   C3-Chrysenes 0.00 0.00 0.00 
   C4-Chrysenes 0.00 0.00 0.00 
Benzo(b)fluoranthene 5.80 7.49 1.35 
Benzo(k)fluoranthene 1.09 0.00 1.00 
Benzo(e)pyrene 0.00 0.00 0.60 
Benzo(a)pyrene 8.41 0.00 1.00 
Indeno(1,2,3-c,d)pyrene 0.00 0.00 0.00 
Dibenzo(a,h)anthracene 0.00 0.00 0.00 
Benzo(g,h,i)perylene 0.00 0.00 0.00 
    
Naphthalene/∑Naphthalenes 0.42 0.49 0.48 
Phenanthrene/Anthracene 3.73 54.18 75.67 
Anthracene/178 0.21 0.02 0.01 
C0phen+anth/C0+C1phen+anth  0.78 0.71 0.74 
Fluoranthene/Pyrene 1.41 1.33 1.94 
Fluoranthene/Fluoranthene+Pyrene 0.59 0.57 0.66 
Benz[a]anthracene/Benz[a]anthracene+Chrysene 0.00 0.27 0.00 
Pyrogenic Index 0.33 0.80 0.24 
 
GIP F:  28° 42.642'N, 88° 14.431'W 
Water depth: 1752 m 
Date collected: 10/28/2011 
 
Analyte  Interval  
 0-1 cm 1-2 cm 
(ng/g) 
2-3 cm 
TPAH minus Perylene 82.58 75.72 21.75 
Naphthalene 3.43 2.97 1.64 
   C1-Naphthalenes 5.06 2.68 1.54 
   C2-Naphthalenes 5.32 1.85 0.61 
   C3-Naphthalenes 5.51 2.93 0.22 
   C4-Naphthalenes 4.04 0.32 0.25 
Biphenyl 2.15 2.10 0.77 
Acenaphthylene 0.00 0.57 0.00 
Acenaphthene 0.00 0.00 0.00 
Fluorene 1.80 2.58 0.48 
   C1-Fluorenes 3.94 3.57 1.84 
   C2-Fluorenes 8.81 2.41 0.00 
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   C3-Fluorenes 0.39 0.00 0.00 
Phenanthrene 13.91 28.79 6.74 
Anthracene 0.00 0.95 0.26 
   C1-Phenanthrenes/Anthracenes 5.29 11.72 0.51 
   C2-Phenanthrenes/Anthracenes 4.66 7.42 0.62 
   C3-Phenanthrenes/Anthracenes 2.36 3.82 0.80 
   C4-Phenanthrenes/Anthracenes 3.33 0.00 0.62 
Dibenzothiophene 0.00 0.00 0.00 
   C1-Dibenzothiophenes 0.00 0.00 0.00 
   C2-Dibenzothiophenes 0.00 0.00 0.00 
   C3-Dibenzothiophenes 0.00 0.00 0.00 
Fluoranthene 5.62 0.00 4.27 
Pyrene 0.00 0.00 0.00 
   C1-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
   C2-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
   C3-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
Benzo(a)anthracene 0.00 0.00 0.00 
Chrysene 0.00 0.00 0.00 
   C1-Chrysenes 1.83 0.00 0.56 
   C2-Chrysenes 0.00 0.00 0.00 
   C3-Chrysenes 0.00 0.00 0.00 
   C4-Chrysenes 0.00 0.00 0.00 
Benzo(b)fluoranthene 5.11 1.04 0.00 
Benzo(k)fluoranthene 0.00 0.00 0.00 
Benzo(e)pyrene 0.00 0.00 0.00 
Benzo(a)pyrene 0.00 0.00 0.00 
Indeno(1,2,3-c,d)pyrene 0.00 0.00 0.00 
Dibenzo(a,h)anthracene 0.00 0.00 0.00 
Benzo(g,h,i)perylene 0.00 0.00 0.00 
    
Naphthalene/∑Naphthalenes 0.40 0.53 0.52 
Phenanthrene/Anthracene N/A 30.30 25.78 
Anthracene/178 0.00 0.03 0.04 
C0phen+anth/C0+C1phen+anth  0.72 0.72 0.93 
Fluoranthene/Pyrene N/A N/A N/A 
Fluoranthene/Fluoranthene+Pyrene 1.00 N/A 1.00 
Benz[a]anthracene/Benz[a]anthracene+Chrysene N/A N/A N/A 






GIP H:  28° 35.255'N, 88° 30.737'W 
Water depth: 1714 m 
Date collected: 10/22/2011 
 
Analyte  Interval  
 0-1 cm 1-2 cm 
(ng/g) 
2-3 cm 
TPAH minus Perylene 177.96 217.87 96.87 
Naphthalene 12.10 7.02 6.97 
   C1-Naphthalenes 14.67 7.93 7.39 
   C2-Naphthalenes 6.99 8.68 5.58 
   C3-Naphthalenes 8.48 10.37 7.20 
   C4-Naphthalenes 4.79 5.72 5.51 
Biphenyl 7.37 3.63 3.57 
Acenaphthylene 0.00 0.50 0.50 
Acenaphthene 0.72 0.00 0.00 
Fluorene 1.68 0.00 1.99 
   C1-Fluorenes 4.25 0.00 1.24 
   C2-Fluorenes 8.65 16.12 6.12 
   C3-Fluorenes 8.04 12.24 0.76 
Phenanthrene 16.35 42.79 20.75 
Anthracene 0.56 3.34 0.24 
   C1-Phenanthrenes/Anthracenes 12.44 18.54 3.96 
   C2-Phenanthrenes/Anthracenes 14.25 32.93 5.83 
   C3-Phenanthrenes/Anthracenes 4.29 12.45 2.52 
   C4-Phenanthrenes/Anthracenes 0.00 7.28 1.98 
Dibenzothiophene 0.00 0.00 0.00 
   C1-Dibenzothiophenes 3.61 0.00 0.00 
   C2-Dibenzothiophenes 0.00 0.00 0.00 
   C3-Dibenzothiophenes 0.00 0.00 0.00 
Fluoranthene 7.51 8.96 5.57 
Pyrene 6.87 7.04 4.31 
   C1-Fluoranthenes/Pyrenes 1.40 0.81 0.64 
   C2-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
   C3-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
Benzo(a)anthracene 2.32 1.71 0.00 
Chrysene 6.79 1.64 1.65 
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   C1-Chrysenes 2.80 0.00 0.00 
   C2-Chrysenes 0.00 0.00 0.00 
   C3-Chrysenes 0.00 0.00 0.00 
   C4-Chrysenes 0.00 0.00 0.00 
Benzo(b)fluoranthene 12.14 3.06 0.00 
Benzo(k)fluoranthene 0.00 1.85 0.71 
Benzo(e)pyrene 5.04 1.26 0.00 
Benzo(a)pyrene 2.48 1.99 1.88 
Indeno(1,2,3-c,d)pyrene 0.00 0.00 0.00 
Dibenzo(a,h)anthracene 0.00 0.00 0.00 
Benzo(g,h,i)perylene 1.36 0.00 0.00 
    
Naphthalene/∑Naphthalenes 0.45 0.47 0.49 
Phenanthrene/Anthracene 29.24 12.80 88.21 
Anthracene/178 0.03 0.07 0.01 
C0phen+anth/C0+C1phen+anth  0.58 0.71 0.84 
Fluoranthene/Pyrene 1.09 1.27 1.29 
Fluoranthene/Fluoranthene+Pyrene 0.52 0.56 0.56 
Benz[a]anthracene/Benz[a]anthracene+Chrysene 0.25 0.51 0.00 
Pyrogenic Index 0.49 0.24 0.31 
 
 
GIP L:  28° 6.088'N, 89° 24.626'W 
Water depth: 1141 m 
Date collected: 10/21/2011 
 
Analyte  Interval  
 0-1 cm 1-2 cm 
(ng/g) 
2-3 cm 
TPAH minus Perylene 81.63 90.83 65.63 
Naphthalene 6.52 6.48 5.64 
   C1-Naphthalenes 8.81 8.91 4.69 
   C2-Naphthalenes 5.46 5.74 3.13 
   C3-Naphthalenes 1.93 3.66 1.74 
   C4-Naphthalenes 1.25 2.35 0.00 
Biphenyl 2.56 2.52 2.15 
Acenaphthylene 0.00 0.00 0.00 
Acenaphthene 0.00 0.00 0.00 
Fluorene 2.47 1.98 1.35 
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   C1-Fluorenes 2.98 2.74 2.31 
   C2-Fluorenes 6.19 4.07 2.30 
   C3-Fluorenes 1.58 1.77 0.00 
Phenanthrene 17.36 21.50 16.85 
Anthracene 0.00 0.00 0.00 
   C1-Phenanthrenes/Anthracenes 5.63 5.25 6.33 
   C2-Phenanthrenes/Anthracenes 1.17 3.08 0.83 
   C3-Phenanthrenes/Anthracenes 2.31 2.00 1.18 
   C4-Phenanthrenes/Anthracenes 2.02 2.11 2.48 
Dibenzothiophene 0.00 0.00 0.00 
   C1-Dibenzothiophenes 0.00 0.00 0.00 
   C2-Dibenzothiophenes 0.00 0.00 0.00 
   C3-Dibenzothiophenes 0.00 0.00 0.00 
Fluoranthene 6.74 8.26 7.63 
Pyrene 0.31 0.83 0.00 
   C1-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
   C2-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
   C3-Fluoranthenes/Pyrenes 0.00 0.00 0.00 
Benzo(a)anthracene 0.00 0.00 0.48 
Chrysene 1.33 0.00 0.00 
   C1-Chrysenes 0.00 0.00 0.00 
   C2-Chrysenes 0.00 0.00 0.00 
   C3-Chrysenes 0.00 0.00 0.00 
   C4-Chrysenes 0.00 0.00 0.00 
Benzo(b)fluoranthene 0.00 0.00 0.00 
Benzo(k)fluoranthene 0.00 0.00 0.00 
Benzo(e)pyrene 0.00 0.00 0.00 
Benzo(a)pyrene 0.00 0.00 0.00 
Indeno(1,2,3-c,d)pyrene 0.00 0.00 0.00 
Dibenzo(a,h)anthracene 0.00 0.00 0.00 
Benzo(g,h,i)perylene 0.00 0.00 0.00 
    
Naphthalene/∑Naphthalenes 0.43 0.42 0.55 
Phenanthrene/Anthracene N/A N/A N/A 
Anthracene/178 0.00 0.00 0.00 
C0phen+anth/C0+C1phen+anth  0.76 0.80 0.73 
Fluoranthene/Pyrene 21.50 9.90 N/A 
Fluoranthene/Fluoranthene+Pyrene 0.96 0.91 1.00 
Benz[a]anthracene/Benz[a]anthracene+Chrysene 0.00 N/A 1.00 




6.4.3 Macondo Oil Extract 
All concentrations are reported as ng/g. 
Analyte ng/g 
TPAH minus Perylene 7226614.00 
Naphthalene 345297.09 
   C1-Naphthalenes 1381292.99 
   C2-Naphthalenes 1541814.83 
   C3-Naphthalenes 1180858.52 





   C1-Fluorenes 68233.88 
   C2-Fluorenes 86888.13 
   C3-Fluorenes 73313.90 
Phenanthrene 163974.27 
Anthracene 13543.81 
   C1-Phenanthrenes/Anthracenes 377296.84 
   C2-Phenanthrenes/Anthracenes 388343.91 
   C3-Phenanthrenes/Anthracenes 256894.33 
   C4-Phenanthrenes/Anthracenes 77577.37 
Dibenzothiophene 25007.87 
   C1-Dibenzothiophenes 47590.64 
   C2-Dibenzothiophenes 118747.60 
   C3-Dibenzothiophenes 87211.81 
Fluoranthene 2886.23 
Pyrene 13235.28 
   C1-Fluoranthenes/Pyrenes 49254.41 
   C2-Fluoranthenes/Pyrenes 81121.25 
   C3-Fluoranthenes/Pyrenes 52857.85 
Benzo(a)anthracene 40940.53 
Chrysene 33010.44 
   C1-Chrysenes 71887.35 
   C2-Chrysenes 80967.39 
   C3-Chrysenes 32946.19 


















Pyrogenic Index 0.02 
 
6.4 QA/QC 
6.4.1 Isotope and Elemental Standards 
All carbon and nitrogen isotope compositions are corrected based off deviations of an in-
house standard, "DORM-3", a homogenized and freeze-dried dogfish protein  (δ13C = -
19.59  ‰; δ15N = 12.46  ‰).   
Carbon and nitrogen abundances are evaluated from the voltage responses of acetanilide, 
"ACE" (Costech Analytical, Valencia, CA; C = 71.09 %, N = 10.36 %).   
 
6.4.2 PAH Calibration Standards 
PAH calibration standards were created from diluting a PAH calibration mix in DCM, 
containing:naphthalene, 1-methyl naphthalene, 2-methyl naphthalene, acenapthylene, 
acenaphthene, fluorene, phenanthrene, anthracene, fluoranthene, pyrene, 
benz[a]anthracene, chrysene, benzo[b]fluoranthene, benzo[a]pyrene, indeno[1,2,3-
c,d]pyrene, dibenz[a]anthracene, benzo[g,h,i]perylene (Supelco, Bellfontaine, PA).   
Additional solid-phase PAHs used for calibration were: 2,3,5trimethyl naphthalene,3,6 
dimethyl phenanthrene, biphenyl, and dibenzothiophene (Supelco, Bellfontaine, PA).  
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2-fluorobiphenyl and 4-terphenyl-d14from the base-neutrals surrogate standard mix were 
used to calculate and correct for PAH analyte recoveries (Supelco, Bellfontaine, PA). 
 
6.4.3 SRM 1944 New York/ New Jersey Waterway Sediment Extracts 
SRM 1944 is a homogenized marine sediment collected near urban areas in New York 
and New Jersey containing PAHs, polychlorinated biphenyls (PCBs), chlorinated 
pesticides, and trace elements (NIST, 2011).  The sediment has been freeze-dried and is 
radiation-sterilized.  QC acceptance ranges can be found in section 6.4.4.  The following 
data are in-house results for the analysis of NIST SRM 1944. 









  (ng/g)   
Naphthalene 909.67 898.28 996.64 956.48 
C1-Naphthalenes 718.85 801.02 837.80 846.06 
C2-Naphthalenes 1328.76 1596.46 1651.39 1592.11 
C3-Naphthalenes 1722.77 2157.89 2207.55 2234.86 
C4-Naphthalenes 1934.97 1845.28 1959.32 1836.56 
Biphenyl 133.31 145.89 147.60 162.04 
Acenaphthylene 245.72 437.66 403.44 450.28 
Acenaphthene 122.86 131.03 143.38 137.66 
Fluorene 261.40 285.02 299.41 285.37 
C1-Fluorenes 440.51 386.96 462.42 525.44 
C2-Fluorenes 374.37 490.20 790.21 161.41 
C3-Fluorenes 274.75 998.01 243.19 644.51 
Phenanthrene 4139.27 4213.15 4181.96 4117.01 
Anthracene 337.46 547.69 557.79 661.07 
C1-
Phenanthrenes/Anthracenes 
3538.12 2965.86 3173.44 2275.07 
C2-
Phenanthrenes/Anthracenes 
4658.41 5103.88 5285.50 4738.95 
C3-
Phenanthrenes/Anthracenes 
3505.80 5658.13 2994.91 3865.36 
C4-
Phenanthrenes/Anthracenes 
1172.29 1581.47 994.51 2232.03 
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Dibenzothiophene  ND ND 47.32 
C1-Dibenzothiophenes  ND ND ND 
C2-Dibenzothiophenes   ND ND 
C3-Dibenzothiophenes   ND ND 
Fluoranthene 6828.66 7181.67 7178.68 7044.84 
Pyrene 6362.89 6691.77 6663.37 6656.65 
C1-Fluoranthenes/Pyrenes 4007.15 3996.87 4591.09 3488.72 
C2-Fluoranthenes/Pyrenes   N/A ND 
C3-Fluoranthenes/Pyrenes   ND ND 
Benz(a)anthracene 2035.00 1975.35 871.64 1928.33 
Chrysene 3673.52 3393.83 4053.94 3758.55 
C1-Chrysenes 2690.69 2514.80 3146.49 3028.96 
C2-Chrysenes 240.82 665.35 493.36 1169.75 
C3-Chrysenes 166.06 ND ND ND 
C4-Chrysenes ND ND ND ND 
Benzo(b)fluoranthene 3392.52 283.69 4254.03 4159.36 
Benzo(k)fluoranthene 1369.07 3349.17 1954.33 1681.68 
Benzo(e)pyrene 1837.40 1972.89 2536.95 2316.60 
Benzo(a)pyrene 1837.40 2030.52 2083.16 2088.09 
Indeno(1,2,3-c,d)pyrene  2366.75 603.02 1935.33 
Dibenzo(a,h)anthracene  312.59 23.30 ND 
Benzo(g,h,i)perylene 2101.72 2444.24 2742.37 2690.69 
 







  (ng/g)   
Naphthalene 769.38 982.70 927.94 917.30 
C1-Naphthalenes 863.71 1752.08 827.39 811.46 
C2-Naphthalenes 1307.25 1415.13 1360.43 1334.61 
C3-Naphthalenes 2250.24 2326.25 2190.80 2412.57 
C4-Naphthalenes 1981.30 1958.82 1732.55 2041.23 
Biphenyl 163.60 168.09 156.57 164.64 
Acenaphthylene 524.71 393.66 588.08 581.48 
Acenaphthene 131.18 147.98 148.93 129.36 
Fluorene 331.63 303.14 316.95 313.61 
C1-Fluorenes 496.15 558.22 518.84 484.44 
C2-Fluorenes 91.20 284.16 444.57 603.15 
C3-Fluorenes 426.33 493.04 347.51 380.79 
Phenanthrene 4339.16 4667.84 4392.78 4624.41 
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Anthracene 703.92 619.43 937.39 786.02 
C1-
Phenanthrenes/Anthracenes 3704.17 3425.32 3427.70 3628.79 
C2-
Phenanthrenes/Anthracenes 5875.17 4660.55 5429.27 5651.15 
C3-
Phenanthrenes/Anthracenes 3686.07 4447.10 4301.48 3185.31 
C4-
Phenanthrenes/Anthracenes 1251.61 1732.93 1438.42 1150.92 
Dibenzothiophene 70.96 45.12 385.98 435.74 
C1-Dibenzothiophenes ND ND 440.66 541.93 
C2-Dibenzothiophenes ND ND 1374.91 1465.76 
C3-Dibenzothiophenes ND ND 1209.46 1589.24 
Fluoranthene 7279.08 7662.91 7131.88 6696.18 
Pyrene 6755.39 7084.50 6635.62 6862.29 
C1-Fluoranthenes/Pyrenes 3780.72 4282.43 4502.95 4543.48 
C2-Fluoranthenes/Pyrenes ND ND ND ND 
C3-Fluoranthenes/Pyrenes ND ND ND ND 
Benz(a)anthracene 1978.36 1770.78 1339.79 1423.98 
Chrysene 3733.92 3749.41 3354.18 3589.43 
C1-Chrysenes 3049.89 2792.38 2570.60 2276.25 
C2-Chrysenes 469.54 295.59 217.38 ND 
C3-Chrysenes 33.78 ND ND ND 
C4-Chrysenes ND ND ND ND 
Benzo(b)fluoranthene 4337.08 3988.71 3714.35 3993.88 
Benzo(k)fluoranthene 1762.65 1606.70 1570.91 1752.59 
Benzo(e)pyrene 2317.63 2209.23 2015.94 2204.75 
Benzo(a)pyrene 2292.01 2138.61 2589.25 2632.49 
Indeno(1,2,3-c,d)pyrene 1626.40 2361.50 2069.52 ND 
Dibenzo(a,h)anthracene 344.87 ND ND ND 
Benzo(g,h,i)perylene 2854.01 2563.88 2427.35 2636.10 
 
6.4.4 SRM 1944 QC Acceptance Ranges from NIST (2011) 











Naphthalene 871.0 to 2646.0 
C1-Naphthalenes    
C2-Naphthalenes    
C3-Naphthalenes    
C4-Naphthalenes    
Biphenyl 162.5 to 526.5 
Acenaphthylene 0.0  0.0 
Acenaphthene 351.0 to 810.0 
Fluorene 533.0 to 1188.0 
C1-Fluorenes    
C2-Fluorenes    
C3-Fluorenes    
Phenanthrene 3282.5 to 7411.5 
Anthracene 936.0 to 2835.0 
C1-
Phenanthrenes/Anthracenes    
C2-
Phenanthrenes/Anthracenes    
C3-
Phenanthrenes/Anthracenes    
C4-
Phenanthrenes/Anthracenes    
Dibenzothiophene 396.5 to 850.5 
C1-Dibenzothiophenes    
C2-Dibenzothiophenes    
C3-Dibenzothiophenes    
Fluoranthene 5590.0 to 12474.0 
Pyrene 6032.0 to 13662.0 
C1-Fluoranthenes/Pyrenes    
C2-Fluoranthenes/Pyrenes    
C3-Fluoranthenes/Pyrenes    
Benzo(a)anthracene 2996.5 to 6520.5 
Chrysene 3594.5 to 8464.5 
C1-Chrysenes    
C2-Chrysenes    
C3-Chrysenes    
235 
 
C4-Chrysenes    
Benzo(b)fluoranthene 3315.0 to 9207.0 
Benzo(k)fluoranthene 1365.0 to 3375.0 
Benzo(e)pyrene 2060.5 to 4576.5 
Benzo(a)pyrene 2710.5 to 5980.5 
Perylene 604.5 to 1903.5 
Indeno(1,2,3-c,d)pyrene 1742.0 to 3888.0 
Dibenzo(a,h)anthracene 437.5 to 1130.0 
Benzo(g,h,i)perylene 1781.0 to 3969.0 
    
2-Methylnaphthalene 585.0 to 1350.0 
1-Methylnaphthalene 318.5 to 742.5 
2,6-Dimethylnaphthalene 500.5 to 1093.5 
1,6,7-Trimethylnaphthalene 0.0  0.0 
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